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PREFACE 


Since LSIs for the microcomputer manufactured first in Japan 
by Toshiba was put on the market in 1973, Toshiba has devoted 
efforts in strengthening its semiconductor devices for micro¬ 
computer. Toshiba has been developing various highly efficient 
and low power consumption type LSIs for microcomputers to 
more and more diversifying application fields, and supplying 
numerous kinds of new products to users. 

This manual covers the technical description of LSIs for 
microcomputers supplied by Toshiba, including TLCS-43 Series 
(NMOS), TLCS-46A Series (CMOS) and TLCS-47 Series (NMOS 
and CMOS) 4-bit single chip microcomputer, TLCS-84 Series 
(NMOS and CMOS) 8-bit single chip microcomputer and TLCS- 
85A Family (NMOS) 8-bit microcomputer. 

In addition to this manual, the technical description of the 
microcomputer development system is also available. 

Further, examples of application circuits listed in this manual 
are only for reference in using the LSIs. Toshiba will not assume 
any responsibility for problem relative to patent rights which 
may be generated from use of the said application circuits. 
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TLCS-43 (4 BIT SINGLE CHIP NMOS MICROCOMPUTER) 

TLCS-43 SERIES (NMOS) 


Device 

Number 

RAM 

ROM 

I/O 

Instruction 
Cycle Time 
(Min.) 

Power Supply 
Current 
(Typ.) 

Power 

Supply 

Operating 

Temperature 

Package 

Type 

Alternate 

Source 

TMP4300C 

128 x 4 

Without 

ROM 

35 

Lines 

4 

Us 

70 

mA 

5V±10% 

-10°C % 70°C 

Ceramic 
64 pin 


TMP4399C 

128 x 4 

Without 

ROM 

35 

Lines 

4 

US 

70 

mA 

5V±10% 

-10°C % 70°C 

Ceramic 
42 pin 


TMP4310AP 

00 

JU 

1024 x 8 

22 

Lines 

4 

Us 

40 

mA 

5V±10% 

-10°C'W0°C 

Plastic 
28 pin 


TMP4315BP 

64 x 4 

1536 x 8 

35 

Lines 

4 

Us 

40 

mA 

5V±10% 

-10°CW0°C 

Plastic 
42 pin 

Toshiba 

Original 

TMP4320AP 

128 x 4 

2048 x 8 

35 

Lines 

. 4 

US 

40 

mA 

5V±10% 

-10°C'W0°C 

Plastic 
42 pin 


TMP4321AP 

128 x 4 

2048 x 8 

35 

Lines 

4 

US 

40 

mA 

5V±10% 

-10°C'W0°C 

Plastic 
42 pin 


TMP4310APL 

48 x 4 

1024 x 8 

22 

Lines 

5 

us 

30 

mA 

5.5V±10% 

0°C% 55°C 

Plastic 


TMP4310APLL 

10 

US 

15 

mA 

28 pin 



TLCS-46A (4 BIT SINGLE CHIP CMOS MICROCOMPUTER) 

TLCS-46A SERIES (CMOS) 


Device 

Number 

RAM 

ROM 

I/O 

Instruction 
Cycle Time 
(Min.) 

Power Supply 
Current 
(Typ.) 

Power 

Supply 

Operating 

Temperature 

Package 

Type 

Alternate 

Source 

TCP4600AC 

160 x 4 

Without 

ROM 



0.15 mA 
at 100kHz 

4 ^ 6V 

-10°Cn, 70°C 

Ceramic 
64 pin 


TCP4620AP 

96 x 4 

2048 x 8 






Plastic 


TCP4620BP 





-30°C 85°C 

42 pin 


TCP4630AP 

160 x 4 

3072 x 8 

34 Lines 

10 ys 

0.4 mA 

at 400kHz 

4 'U 6V 



TCP4620AF 

96x4 

2048 x 8 


Plastic 
43 pin 

Toshiba 

TCP4620BF 






Original 

TCP4630AF 

160 x 4 

3072 x 8 






(Flat) 


TCP4621AP 

96 x 4 

2048 x 8 





-20°C'W0°C 

Plastic 
42 pin 










Plastic 


TCP4632BF 

160 x 4 

3072 x 8 

57 Lines 





67 pin 
(Flat) 



TLCS-47 (4 BIT SINGLE CHIP NMOS/CMOS MICROCOMPUTER) 

TLCS-47 SERIES (NMOS/CMOS) 



Device 

Number 

i 

RAM 

ROM 

. Instruction 
I/O ! Cycle Time 

(Min.) 

Power SuDply 
Current 
(Typ.) 

Power 

Supply 

Operating 

Temperature 

! Package 
i Type 

A1ternate 

Source 


TMP4720P 

128 x 4 . 

2048 x 8 





Plastic 



TMP4740P 

256 x 4 i 

4096 x 8 





. 42 Pin 


NMOS 

TMP4700C 

oc , x , j without 
256 4 ! ROM 

2 us 

50 mA 



QIC 

80 Pin 



TMP4799C 

, . without 
256 x 4 : R0M 

35 Lines: 


5V±10% 

! -30°C'W0°C 

DIC 

42 Pin 

Toshiba 


TMP47C20P 

128 x 4 ; 2048 x 8 



Plastic I 

42 Pin ; 

Original 


TMP47C40P 

256 x 4 i 

4096 x 8 






on 

o 

| TMP47C21P 

128 x 4: 

2048 x 8 

4 us 

5 mA 




o 

1 TMP47C41P 

256 x 4 : 4096 x 8 








TMP47C22F 

192 x 4 1 

2048 x 8 

55 Lines ! 




Plastic ; 
67 Pin : 
, (Flat) ; 








TLCS-84 (8 BIT SINGLE CHIP NMOS/CMOS MICROCOMPUTER) 

TLCS-84 SERIES (NMOS/CMOS) 


SOWN 

Device 

Number 

RAM 

ROM 

I/O 

Instruction 
Cycle Time 
(Min. ) 

Power Supply 
Current 
(Max.) 

Power 

Supply 

Operating 

Temperature 

Package 

Type 

Alternate 

Source 

TMP8048P 

64 x 8 

1024 x 8 

27 Lines 

2.5 ys 

135 mA 

5V±10% 

0°C'W0°C 

Plastic 
40 pin 

i8048 

TMP8035P 

64 x 8 


2.5 ys 

135 mA 

i8035L 

TMP8049P-6 

128 x 8 

2048 x 8 

2.5 ys 

170 mA 


TMP8039P-6 

128 x 8 

- 

2.5 ys 

170 mA 

i8039-6 

TMP8049P 

128 x 8 

2048 x 8 

1.36 ys 

170 mA 

i8049 

TMP8039P 

128 x 8 

- 

1.36 ys 

170 mA 

i8039 

TMP8048PI 

64 x 8 

1024 x 8 

2.5 ys 

145 mA 

-40°C ^ 85°C 

iD8048 

TMP8035PI 

O' 

-t' 

00 

- 

2.5 ys 

145 mA 

iD8035 

TMP8049PI-6 

128 x 8 

2048 x 8 

2.5 ys 

170 mA 

iD8049 

TMP8039PI-6 

128 x 8 

- 

2.5 ys 

170 mA 

iD8039 

TMP8243P 

I/O Expander for TMP8048P/TMP8049P 

20 mA 

5V±10% 


Plastic 
24 pin 

i8243 

TMP8243PI 

I/O Expander for TMP8048FI-6/8049PI-6 

20 mA 

5V±10% 

-40°C 'V' 85°C 

Plastic 
24 pin 

iD8243 

oo 

o 

21 

<_> 

TMP80C49P-6 

128 x 8 

2048 x 8 

27 Lines 

2.5 yS 

10 mA 

5V±10% 

-40°C ^ 85°C 

Plastic 

40 pin. 


TMP80C39P-6 

128 x 8 

- 

2.5 ys 

10 mA 


TLCS-85A 


• 8 BIT MICROPROCESSOR 


Device 

Number 

Description 

Instruction 
Cycle Time 
(Min.) 

Power Supply 
Current 
(Max.) 

Power 

Supply 

Operating 

Temperature 

Package 

Type 

Alternate 

Source 

TMP8085AP 

8 Bit Micraprocessor 

1.3 ys 

--- 

170 mA 

5V±10% 

0°C'W0°C 

Plastic 
40 pin 

i8085A 


• PERIPHERALS (NMOS) 


Device 

Number 

Description 

Power Supply 
Current 
(Max.) 

Power 

Supply 

Operating 

Temperature 

Package 

Type 

Alternate 

Source 

TMP8155P 

256 Byte RAM with I/O Ports and Timer 
(CE: Active Low) 

180 mA 

5V±5% 

0°C'W0°C i 

Plastic 
40 pin 

i8155 

TMP8156.P 

256 Byte RAM with I/O Ports and Timer 
(CE: Active High) 

180 mA 

5V±5% 

Plastic 
40 pin 

i8156 

TMP8355P 

2K Byte Mask ROM with I/O Ports 

180 mA 

5V±5% 

Plastic 
40 pin 

i8355 

TMP8755AC 

2K Byte EPROM with 1/0 Ports 

180 mA 

5V±5% 

Ceramic 
40 pin 

i8755A 







4BIT SINGLE CHIP MICROCOMPUTER 


TLCS-43(NM0S) 




TOSHIBA MOS TYPE DIGITAL 
INTEGRATED CIRCUIT 
TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 

Silicon Monolithic 

N-Channel Silicon Gate Depression Load 

GENERAL DESCRIPTION 

TLCS-43 is a complete single chip micro computer series having an 
internal 4 bit parallel processing function which is suitable for con¬ 
troller applications. 

It contains ROM (read only memory) which stores the control programs and 
the fixed data, RAM (read/write memory) which temporarily stores various 
data nd a plural number of input/output ports. 

In order to provide for a variety of applications the TLCS-43 provides 
short instruction execution time, multiple subroutine nesting, and 
flexible input/output ports. 

By combining index instructions with processing instructions, the same 
instruction can be executed for all the registers and all the input/output 
ports enabling highly efficient programes to be written. 

In TLCS-43, there are three versions, TMP4310AP, TMP4315BP and TMP4320AP 
each of which has different memory capacity and different number of input/ 
output lines, so that the optimum version for a specific application can 
be selected. Furthermore, TMP4300C is available as the evaluator chip. 


tfoSuba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


FEATURES 

o TMP4310AP 

1024 x 8 ROM 
48 x 4 RAM 
22 I/O Lines 

o TMP4315BP 

1536 x 8 ROM 
64 x 8 RAM 
35 I/O Lines 

o TMP4320AP 

2048 x 8 ROM 
128 x 4 RAM 
35 I/O Lines 

o TMP4300C 

Evaluator Chip for TLCS-43 


o 35 Basic instruction^ 

3L Processing Instructions 
4 Index Instructions 

o 4 Level Subroutine Nesting 

o Single Level External Interrupt 

o 4 ys Instruction Executuion Time 

o Single 5V Supply 

o ROM Data Readout Instructions 

o LED Direct Drive Capability 
(Except TMP4315BP) 
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INTEGRATEDCIRCUIT 


TMP4310AP TMP43I5BP 

TMP4320AP TMP4300C 


TECHNICAL DATA 


TABLE OF FEATURES 


TMP4310AP 


TMP4320AP 


ROM Capacity 


1,024 Words 1,536 Words 


2,048 Words 


External connection 
2,048 Words 
x 8 Bits 


RAM Capacity 


Input Port 


(4 Bits) 


(.12 Bits) 


(12 Bits) 


(12 Bits) 


Output Port 


Input/Output 
Port 


Subroutine 
Nesting Level 

Interrupt Level 


(8 Bits) 


(10 Bits) 


(15 Bits) 


(8 Bits) 


(15 Bits) 


(8 Bits) 


Instructions 


ixecution Time of 
iasic Instruction 


4 Levels (including interrupt) 


35 Basic Instructions 


(12 Bits) 


(11 Bits) 


I 


4 pS (1 Cycle Instruction), 8 pS (2 Cycle Instrucl 


Input/Output 
Level 


TTL Compatible 


Power Supply 5V + 10 % 

Power Dissipation 200mW (TYP.) 200mW (TYP.) 200mW (TYP.) 350mW (TYP.) 


Operating 
Ambient Temp• 


-10°C to 70°C 

28 Pin 42 Pin 42 Pin 64 Pin 

Plastic DIP Plastic DIP Plastic DIP Ceramic DIP 

N-Channel E/D MOS 


I 




INTEGRATEDCIRCUIT 


TMP4310AP 

TMP4320AP 


TMP4315BP 

TMP4300C 


TECHNICAL DATA 

PIN CONNECTIONS m 

Top View 

(TMP4310AP) ( ™ P4300C) 

tw I I 1 28 1 I (INF) I fl 


IN 0 0 C 

1 

^ 2 8 

□ v DD 

GND El 

1 

64 

IN Oi □ 

2 

27 

D X IN 

RST C 

2 

63 

IN 0 2 C 

3 

26 

□ TEST 

XIN e: 

3 

62 

IN 0 3 C 

4 

25 

□ 10 1 0 

XOUT C 

4 

6 1 

OT Oq C 

5 

2 4 

□ 10 li 

10 O 3 C 

5 

60 

OT Oi C 

6 

23 

□ 10 1 2 

10 0 2 El 

6 

59 

u 

c* 

H 

O 

7 

22 

□ 10 1 3 

10 0 1 d 

7 

5 8 

OT 0 3 C 

8 

2 ] 

□ 10 o 0 

10 o 0 EI 

8 

57 

10 2 0 c 

9 

20 

□ 10 Oi 

10 I 3d 

9 

56 

10 21 □ 

10 

19 

CNJ 

o 

C 

h-1 

n 

10 I 2 CZ 

10 

55 

OT 1 0 C 

1 1 

18 

□ 10 °3 

e: 

11 

54 

OT 1, C 

12 

1 7 

□ INT 

16 C 

12 

53 

OT 12 C 

1 3 

16 

□ RST 

Is c 

13 

52 

GND C 

14 

15 

□ OT 1 3 

14 

14 

51 





J 3 c 

15 

50 





12 c 

16 

49 





1 1 c 

17 

48 

(TMP4315 

BP/TMP4320AP) 

1 

t r 

1 Q 

U 7 









INTEGRATEDCIRCUIT 


TMP431uAP TMP43I5BP 

TMP4320AP TMP4300C 


TECHNICAL DATA 


PIN NAMES & PIN DESCRIPTION 


0T0O-0T03 

OTlo-OT13 


OT2o-OT23 


OT3o-OT32 


(Note I) 


4-bit Input Port INO 
4-bit Input Port [N1 
4-bit Tnput Port TN2 
4-bit Output Port OTO 
4-bit Output Port OT.1 

Large sink current (IOL TYP=20mA,V0L=! 
is possible in 
TMP4310AP/20AP/00C. 

4-bit Output Port OT2 

Large sink current(IOL TYP=20mA,VOL= 

is possible in 

TMP4320AP/00C. 

3- bit Output Port 0T3 

I02O-T.022 of TMP4300C are available 
in evaluation. 

4- bit Input/Output Port 100 


4-bit Input/Output Port 101 

3-bit Input/Output Port 102 
2-bit Port (I02o-I021) in TMP4310AP 
Initialize Signal Input 

The initialize operation is performed 
by placing RST terminal at low level 
for more than four clock cycles. 

Interrupt Request Signal Input 
The interrut request is accepted 
by placing TNT terminal at low 
level for more than our clock 
cycles. The repetetive interrupt 
should be requested, after keeping 
INT terminal at high level for two 
clock cycles or more. 

LSI Test Signal Input 

TEST should be always kept at high level 
(open or connect an oscillation resistance 
in TMP4310AP) except in LSI test mode. 


O O 


I 



o o 





IN1EGRATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


XIN 

Input 

Basic Clock Terminal 




(Note 1) 


XIN is used as an external clock 
input pin, or a oscillator 
connection pin. 

O 

O 

O 

XOUT 

Output 

Basic Clock Terminal 


O 

O 



XOUT is used as a oscillator 
connection pin. 


o 

i —i 
< 

o 

< 

Output 

ROM Address Output (MSB:A^q,LSB:A o) 

— 

— 

O 

IO-l 7 

Input 

ROM Data Input (MSB:I 7 ,LSB*Io) 

— 

— 

O 

CLK1 

Output 1 

Internal Clock Output 

— 

— 

O 

ID 

Input 

Interrupt Operation Inhobit Input 

ID is a dedicated terminal only for 
TDS400/43, and should be always 
kept at low level except in TDS400/ 
4 3 . 

— 

— 

O 

V DD 


+5V (Power Supply) 

O 

O 

O 

GND 


OV (Power Supply) 

O 

O 

O 


Note 1 The basic clock of TMP4310AP 

o Internal oscillation (with resistance externally installed between 
Xjn and TEST) and external clock supply can be available, 
o TEST terminal should be kept open when the basic clock is supplied 
by an external oscillator circuit. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


BLOCK DIAGRAM (TMP4310AP) 

H 

SI cn ieh Ie—• 



H 

O 


O 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


o 

s 

M 



O o o 

CNl O i—I 

o o o 
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INTEGRATEDCIRCUIT 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


tfoSuba 


PUSS TECHNICAL DATA 















INTEGRATEDCIRCUIT 


tfotiuba 


PUS TECHNICAL DATA 


BLOCK DJAGRAM (TMP4300C) 



TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 















[Block Description] 

For all registers and I/O ports, MSB is the High order bit and LSB is the 

Low order bit. 

1. Arithmetic and Logical Unit (ALU) 

The ALU is the central 4 bit parallel processing function of the 
TLCS-43. S^and S 2 are the two 4 bit input words and C is the carry 
input from some previous calculation. The ALU processed these and 
outputs one 4 bit result (D) and a carry bit. 


2. Accumulator (AC) 

The accumulator is a four bit register, which stores the data for 
arithmetic and logical operations. In addition the accumulator 
is also used to store the results of arithmetic and logical 
calculations. 



3. Status Register (ST) 

The status register is a four bit register which contains fields to 
represent the carry flag (C), branch condidtion flag (F), interrupt 
flag (IM) and general purpose flag (G). 

ST 

1) C 

Bit 0 of the status register is called C flag and used to 
indicate Carry (or Borrow) during arithmetic operation with 
multiple number of digits. 

2) F 

Bit 1 of the status register is called F flag and set or reset 
according to the result of logical operation or arithmetic 
operation just executed. And this bit is referred to during 
execution of conditional branch instruction in a program. 
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tfoSuba 


INTEGRATEDCIRCUIT 


TMP4310AP 

TMP4320AP 


TMP4315BP 
TMP4300C 


TECHNICAL DATA 


3) IM 

Bit 2 of the status register is the interrupt flag called IM 
flag which is set or reset by program. 

IM flag being "1" indicates the interrupt enabled condition and 
IM flag is cleared to "0" as soon as an interrupt routine is 
initiated. This is also cleared to "0" by the initialize 
operation. 

4) G 

Bit 3 of the status register is called G flag and this one bit 
flag is used generally by programs. 

4. L Register (LR) 

L Register (lower address register) is a four bit register which 
indicates the lower order 4 bits of RAM address and is used in 
conjunction with H Register for addressing RAM. 

5. H Register (HR) 

H Register (Higher address register) is a two bit or three bit register 
which indicates the higher order two or three bits of RAM address, and 
used in conjunction with L Register for addressing RAM. 

When a program reads, the undefined higher order two bits (bit 3 and 
bit 2) or one bit (bit 3) are always processed to be zero. 


(TMP4310AP/TMP4315BP) 
MSB 1 0 LSB 

HR I I I 


(TMP4320AP/TMP4300C) 
MSB 2 1 0 LSB 

HR f I I I 


Input Port (INO, INI, 1N2) 

All of INO, INI and IN2 ports are the dedicated input ports having 
four bit configuration and read the data sent from outside. 

The input ports are non-latch type ports. 
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INTEGRATEDCIRCUIT 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


TECHNICAL DATA 


V 

INO,INI,IN2| Gate 

Internal 


TLC-43 


Bus 


7. Output Port (OTO, OTI, OT2, OT3) 

OTO,OTl and OT2 have four bit configuration and OT3 has three bit 
configuration, all of which are the dedicated output ports. The 
content of each port is output to outside and retained until replaced 
with new data. And the content of a port can read by program. 

In this case the undefined bit 3 of 0T3 port is always processed,to be zero. 
All the bits of all the output ports are set to "1" by the initialize 
operation. 



8. Input/Output Port (100, 101, 102) 

100 and 101 have four bit configuration and 102 has two or three 
bit configuration, all of which are the input/output ports. 

The content of each port is output to outside and retained until 
replaced with new data. It can also input data from outside. 
However, the output data must be set to "1" whenever the input 
operation is performed. 

Whenver no data is input from outside, the output data to outside 
can be read by program. When the output data is read, undefined bit 
3 and bit 2 of 102 port are always processed to be zero. 


INTEGRATEDCIRCUIT 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



All bits of the output data are set to "1" by the initialize operation. 



Internal Bus 


9. Program Counter (PC) 

The program counter is 11 bit counter which addresses the program 
stored in ROM (refer to (Note) in the ROM paragraph.) 

While the normal instructions are executed, the program counter is 
incremented by word length of instruction just excuted. However, 
for branch instructions, subroutine call and interrupt operation, 
the counter is set to the values designated by the instructions. 

The counter is reset to "0" by the initialize operation. 

10. Stack 

The stack is a group of 4 words x II bits registers including the 
data counter. 

The stack is used as the save area of the program counter during 
subroutine call and interrupt operation. If it is already occupied 
up to level 2, the data counter becomes to be the stack area of 
level 3. 

11. Data Counter (DC) 

The data counter is an 11 bit counter which addresses fixed data 
stored in ROM (refer to (Note) in the ROM paragraph.) 

The content of the data counter can be set by program. The data 
counter is also used as the deepest stack level (level 3) and when 
nesting has been done up to level 2, if further nesting is performed, 
the content as the data counter is destroyed. 
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INTEGRATEDCIRCUIT 


TMP4310AP 

TMP4320AP 


TMP4315BP 

TMP4300C 


TECHNICAL DATA 


And when the data counter is being used as stack level 3, if setting 
operation is performed to the data counter, the content as stack 
level 3 is destroyed. 

12. Read Only Memory (ROM) 

The read only memory (ROM) can also store fixed data as well as 
programs which are required by users. 

ROM has a maximum capacity of 2,048 words x 8 bits and is in¬ 
dependently addressed by the program counter which addresses the 
storage area for programs and by the data counter which addresses 
the storage area for fixed data. 

For storing programs the ROM is processed as 8 bit words but for 
fixed data, 8 bit word is divided into the higher order 4 bits 
and the lower order 4 bits, namely divided to two 4 bit words of 
ROMh and ROMp. 




1 rom h 

R0M L 


Pm 

r 

o 




Q 


(TMP4310AP)... 

. N=1,023 (TMP4315BP).. 

. . N=1,535 (TMP4320AP).. 

. N=2,047 


In the case of TMP431QAP, both of the program counter (PC) and the 
data counter (DC) are 11 bit counters, and if bit 10 is "1", any 
contents of ROM are not accessed. 


(Note) 







INTEGRATEDCIRCUIT 


TMP4310AP TMP4315BP. 

TMP4320AP TMP4300C 


TECHNICAL DATA 


13. Read/Write Memory (RAM) 

The read/write memory (RAM) can be used as the working area for 
data processing. 

RAM has the maximum configuration of 128 words x 4 bits and is 
addressed by H Register which designates a page and L Register 
which designates an address in a page. 

In addition to the above, another addressing method of RAM is to 
access an address in page 0 using the index instructions (M 
instructions) which will be explained later. This method is effective 
to save the contents of registers on the interrupt operation. 

The configuration of each version is as follows. 

(TMP4310AP) 



(TMP4315RP) 



(TMP4320AP/TMP4300C) 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 
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14. Timing Generator (TG) and Instruction Decoder (IDC) 

The timing generator produces a clock frequency that is dependant 
on the oscillator connected externally. 

Based on this timing the instruction decoder reads and decodes the 
fields unique to each instruction. 

Timing of interrupts, initialize requests etc. are also 
synchronized by the Timing Generator. 

15. Registers Dedicated to Index Instructions (SA, DA and MA) 

. Refer to the paragraph of Index Instructions. 

These are 4 bit registers used by the index instructions which are 
explained later,and there are three kinds, namely SA (Source 
Address Register), DA (Destination Address Register) and MA (Memory 
Address Register). Source register code, destination register code 
and RAM address which are activated by the index instructions are 
input to SA, DA and MA respectively, and these are temporarily 
retained until the following one operation instruction is completely 
executed. 

The registers dedicated to the index instructions can not be used 
by program as additional data registers. 
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1. Features of TLCS-43 Machine Instructions 

One of the features of the TLCS-43 Machine Instruction set is the 
existance of index instructions. In the case of processing instruc¬ 
tions, usually the source and destination of data have been inherent¬ 
ly defined. The index instructions modify the processing instructions 
to change the source of data to be processed or/and the destination 
of the processing results. Therefore, it is much simpler to write 
programs which require sequential operations through an area 
of memory. The extensive use of index instructions produces 
efficient programs in terms of the number of program steps. 

Another great feature is that the machine instructions with Data 
Counter (DC) maintaing ROM address in addition to PC have the 
instructions which can read out the content of ROM directly, which 
allows a greater amount of fixed data to be efficiently read. 

Furthermore, with the addition of four level subroutine nesting 
ability, the subroutine call instructions of 1 byte length are 
available. This is effective in reducing overall program size. 

2. Format of Machine Instructions 

The explanation of each instructions is described according to 
the following format. 

.'n) x x x ( ) 

:l ^- Name of Instruction 

- Mnemonic Code 

- Series Number of Instruction 


..Symbol 
''Instruction' 


Mnemonic Operation Code 


Operand 
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[Machine Instructions] 

TLCS-43 series microcomputer is provided with 35 kinds of machine 
instructions. Unless otherwise mentioned the machine instructions are 
described as just instructions. 

Among the machine instructions of TLCS-43, 30 instructions are 
of 1-byte length and 5 instructions are of 2-byte length. As regards 
the execution time of machine instructions, 28 instructions are of 1- 
machine cycle and 7 instructions are of 2-machine cycle. 


Machine Instructions are classified by their functions as 
follows: 


Number of 
Instructions 


TLCS-43 
Machine _ 
Instruc¬ 
tions 


Index Instructions 


I—Data Processing Instructions 


Processing 

Instructions 


J)ata Transfer 
Instructions 


4 


7 


JLogical Operating 
Instructions . 10 


_Bit Processing 

Instructions . 3 

L ROM Readout Instructions . 3 


—Subroutine Instructions . 3 

—Branch Instructions . 5 


Total 35 
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No.2 Byte 

.Address next to. 
H+l) No . 1 Byte } 


The logical peration performed by this 
instruction is explained with symbols. 

(F): j The status after the execution 
(C) : J of status flag is described. 

(Dependent on the data when 
designated to store data in 
status register.) 

Execution The number of machine cycles necessary 

^ Cycle ^ 

for executing instructions is described. 

^Function ^ The function of instructions is explained. 

Explanation ^ 


<-Status Flag 


<C Function 


MSB LSB 

76543 2 1 0 

I-r-r-r-1-1-r-i-1 

ixxxxx xxxl 

I_I 


(The correspondence of the operand of 
symbol instruction and the machine code 
is recorded, if necessary.) 


Modifiable 
< Index ^ 

Instructions 


In processing instructions, modifiable 
index instructions are described. 
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In this section, the symbols defined in Table A are used more concisely 
express the functions of machine instructions. The storage elements, 
including input ports, related directly to the operation of 
instructions are collected in Table B. 


Table A. Symbol and their Meanings for Instructions 


Symbol 

Meaning 

(a) 

The content of storage element "a". 

M[(H.L)] 

The content of RAM address designated by the 

contents of H register and L register. 

TEMP 

Temporary register 

ZR 

Virtual register of which content is "0". 

in in“i* *•^o 

Data of n+1 bit 

b 

Values inverted "1" to "0", "0" to/'l" every bit 

of "b". 

a ^ b 

"a" is replaced by the value of "b"/ 

a + 1 

Value added 1 to "a". 

a + b 

Value added "b" to "a". 

a - b 

Value subtracted "b" from "a"/ 

a A b 

Value of logical product of "a" and "b" for every 

bit. 

a v b 

Value of logical sum of "a" and "b" for every 

bit. 

a - b 

Value of exclusive logical sum of "a" and "b" for 

every bit. 
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Ones <Cb^> 

4-bit data having l’s at bit positions only 

indicated by "b" and 0's at all other bit 

positions. 

rom h [(dc)] 

Higher order 4 bits in the content of ROM address 

indicated by the content of data counter DC. 

ROM l [(DC)] 

Lower order 4 bits in the content of ROM address 

indicated by the content of data counter DC. 

M[a] 

Content of address "a” of RAM. 

a<b > 

Value of bit position "b" of "a". 

dc h 

Higher order 3 bits of data counter 

DC]yj 

Intermediate order 4 bits of data counter 

dc l 

Lower order 4 bits of data counter 

Carry 

Carry resulted by operations (overflow) 

Borrow 

Borrow resulted by operations (underflow) 

a = b 

"a" equals to "b" 

if a then 

b else c 

If the condition of "a" is satisfied, "b M is 

performed; if not, M c M is performed 

$ 

ROM address in which instructions are stored 

(No.l byte address for 2-byte instruction) 

Table B. 

Storage Elements Related Directly to Operation of 
Instructions 

Name I 1 

Inemonic Function 

Accumulator 

AC 4-bit register 

Carry flag 

C Carry flag of multiple digit operation 

Branch flag 

F Condition flag exclusive for branch 
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Name 

Mnemonic 

Function 

Interrupt 
mask flag 

IM 

Flag masking interrupt-peration 

In case of "1", interrupt is permitted. 

General pur¬ 
pose flag 

G 

1 bit flag used by program 

L register 

LR 

Register showing lower order 4 bits of RAM 
address 

H register 

HR 

Rsgister showing higher order 3 bits of RAM 
address 

Input port 

INO, INI, 
IN2 

Ports for input of external data. 

Output port 

0T0, 0T1 
0T2, 0T3 

Ports for output of data 

I/O port 

100, 101 
102 

Ports for input or output of data 

Data counter 

DC 

Counter to read out ROM contents as 

data 

Program 

counter 

PC 

Counter to read out the instruction 

under program 

Stack 

STK 

Stack storing return address from inter¬ 
rupt routine or subroutine (PC evacuation 

area) 

Read/Write 

memory 

RAM 

Memory temporaly maintaing data 

Read only 
memory 

ROM 

Memory maintaining program or fixed 

data 


3. Index Instructions 

The index instructions indicate source or/and destination 
of data. The data is processed by the instructions following the 
index instructions. The fixed data source and destination are 
designated for the instructions themselves, but if the instructions 
are modified by the index instructions, the data source and 
destination become those designated by the index instructions. 
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Since the index instructions cannot process effective data 
by themselves, they are invariably used in combination with the 
processing instructions. Therefore, the interrupt operation 
cannot be performed after execution of the index instructions, 
but can be done only after completion of the processing 
instructions. 


One processing instruction can be modified by maximum three 
index instructions. When sources or destinations have been 
indicated in duplicate, the initially indicated one becomes 
effective. 


© 


S (Designate Source register) : Source Register Index 

Instruction 


<C Symbol Instruction >» 

S r or = r 


<C Machine Code MSB LSB 

765 432 10 

- 1 - 1 - 1 - 1 - 1 - 1 - 1 - 

1 0 1 0 ' r3 r2 ri ro 

Operand r = T2 *l rg 

<C Function 3> (SA) r 

<T Status Flag ;> (F) : No change 

(C) : No change 

< Execution Cycle ;> 1 Machine Cycle 

^Explanation of ^ Write address r of register/port, which 
Kxnc© ji. becomes data source, in the source address 

register SA. The source register designated 
by this instruction is effective until the 
processing instruction is executed. 

However, if there are pural numbers of 
Instructions indicating the source register 
before the processing instruction, the initial 
index is effective. 
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(g) D (Des ignate Destination register) : Destination Register 

Index Instruction 


<1 Symbol Instruction > 




D 

r or = r 



<C Machine Code > 

MSB 

7 

6 

5 4 

3 2 1 

LSB 

0 

1 

1 

1 

1 

0 

1 1 | 

0 1 1 

1 

"III 

r 3 r 2 *1 

r 0 




Operand r 

= r 3 r 2 rp r 0 


Function ^ 


(DA) 

«=■— r 



<C Status Flag > 


(F) 

: No change 





(c) 

: No change 



C Executive Cycle > 


1 Machine Cycle 




< 


Explanation of 
Function 


> 


Write address r of register, which 
becomes a destination as a result of 
processing, in destination address 
register DA. The destination register 
designated by this instruction is 
effective until the processing instruction 
is executed. However, if there were 
plural numbers of instructions indicating 
the destination register before the 
processing instruction, the initial index 
becomes effective. 


( 3 ) SD (Designate Source and Destination register) : Source & 
Destination Register Index Instruction 


Simbyl Instruction ;>• 


SD 
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Machine Code 3> 


<C Status Flag 3> 


<C Executive Cycle 


^Explanation of 
Function 



MSB 

7 

6 

5 

4 3 

2 

LSB 

1 0 


1 

1 

0 

1 1 

0 

.-4' 

0 j r 3 

1 

r 2 

1 

r l r 0 



Operand 

r = r 3 r 2 

r l r 0 


^ Function 3> 


(SA) - 

— r 

(DA) — 

r 



(F) : No change 
(C) : No change 

1 Machine Cycle 

Write address r of the register (same re¬ 
gister) becoming data source and destination 
in source address register SA and destination 
address register DA. The register designated 
by this instruction is effective until the 
processing instruction is executed. 

However, if the source register or the 
destination register has been indicated 
numbers times to one processing instruction 
in the same way as the instructions of S and 
D, the index initially made to the respective 
registers becomes effective. 


( 4 ) M (Designate RAM address) : RAM Address Index Instruction 
<C. Symbol Instruction > 

M r or = r 


Machine Code > 


MSB 
7 6 


1-1-1- 

10 11 


LSB 

3 2 1 0 


n-1-r 

r 3 r 2 r l r 0 


Operand r = r 3 r 2 rp rQ 
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(MA) — r 

(F) : No change 

(C) : No change 

1 Machine Cycle 

RAM address can be directly designated by 
this instruction without using H register 
and L register. 

The RAM address "r" is written in memory 
address register MA; however, the RAM which 
can be designated by this instruction is 
limited to addressed 0-15 (16 words in 
"0" page). These RAM addresses are 
effective until the processing instruction 
is executed; that is, the RAM address of 
the processing instruction modified by this 
instruction is designated by the memory 
address register MA regardless of the 
content of H register and L register. 

There are no changes in the contents of H 
register and L register. 

If there are numbers of RAM 

address index instructions before the 
processing instruction the value initially 
indicated becomes effective. 

. Decision of Source and Destination by Index Instructions 

The way of modifying the processing instruction by index instructions, 
or the decision of source and destination of the processing instruction, 
is regulated as follows : 

(0) The elements not modified are unique source and destination for 
each instruction. 
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Function 

<C Status Flag > 


< Executive Cycle > 

^ Explanation of 

Function ^ 
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(1) Instructions related to registers and RAM (9 instructions) 

In regard to the nine instructions, such as LDM, SWP, STR, ADD, 

ADC, SUB, CND, ORM, and EOR, their sources and destinations can 
be changed by the index instructions (S, D, and SD). When 
modified by M instruction, RAM data becomes the addresses (0 -15) 
designated by M instruction. 

(2) Instructions related to register (13 Instructions) 

In regard to the thirteen instructions, such as LDA, LDT, LDI, 

LLI, CMA, NGT, ADI, ALI, SSB, RSB, LFB, LRL, and LRH, their sources 
and destinations can be changed by the index instructions (S, D, 
and SD). When modified by M instruction, the sources and destinations 
by the S or D instruction become RAM addressed (0 - 15) designated 
by M instruction. 

(3) As for SDC instruction, the source register can be designated to the 
intermediate order 4 bits of DC by S Instruction. In this case, 

the logical sum of the designated source register content and the 
immediate data is set to the intermediate order 4 bits of DC. 

When modified by M instructions the intermediate order 4 bits of 
DC become the contents of RAM addressed (0 - 15) designated by M 
instruction. 

(4) Subroutine and branch instructions (8 instructions) 

In regard to the eight instructions, such as CAL, CLS, RTN, BCF, 

BCB, JCS, JCC, and JMP, the index instructions cannot be modified. 

(If they are modified, their operations cannot be guaranteed.) 

The following figure shows diagramatically the relationship between 
the above mentioned source and destination selection regulation 
and hardware. 
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The address of source register is stored in source address 
register SA by S instruction, and the source register is selected 
by the source selector according to this address. 

The data from the selected source register is input into SI of 
ALU. Either RAM or ROM is selected by the data selector as data 
input into S2 of ALU. The selection by this data selector is 
decided by the instructions. 

The address pointer of RAM has HR-LR and memory address 
register MA. Usually HR-LR is selected, but when modification is 
made by M instruction, MA is selected. The memory address is 
stored in MA by M instruction. Since either HR’LR or MA is used 
as address pointer, if RAM is used as source and destination 
register, the same address is selected. 

The address of destination register is stored in the destination 
address register DA by D instruction. The destination selector 
selects destination register according to this address. 

The process results output from ALU are stored in the destination 
register. 

By using SD instruction, the same register address is stored 
into source address register SA and destination address register 
DA; therefore, the source register of SI of ALU and the destination 
of output of ALU become the same. 

As shown in the following figure the selector which changes 
the flow of processing data according to index instructions has 
the following three kinds of versions: 

(1) Source selector (Selection of source register) 

(2) Destination selector (Selection of destination register) 

(3) RAM address pointer selector 

In the case where no modification is made by index instructions, 
it may be thought that each selector makes the selection of the source 
or destination. 
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Source Ad¬ 
dress Re- 
gister SA 


AS In-. \ 
Istruction; 


Source Register 

-Accumulator (AC) 

-Status Register(ST) 

_ L Register (LR) - 

-H Register (HR) - 

-RAM -- 

-Input Port (INi) 

-Output Port (OTi) 

-I/O Port (IOi) 


. RAM Address 
Pointer/ 7 
7 Selector/ 

A// 

« *2 


f M In- ^ 
k struction 


f D In- ^ 
Istruction 


Destination 

Address 

Register 


■"Accumulator (AC) - 

-Status Register(ST' 

-L Register (LR)— 

-H Register (HR)- 

-Virtual Register(NULL) 
-RAM - 


i lr rn 




! |-7-7—7— 


Pointer 
' Selector 


/ *£/——Output Register (OTi) __j > * 

; S ^ --,1/0 Register (IOi) j~ JJ-, _| | 

L ^- z:j I---1 L -T—n I 

Destination Register i j 

Am In-” ^_1 

\st ruction/ 

Such a selector is determined according to the kind of instruction; 
in many cases RAM is selected, but in case of ROM readout instruction 
or immediate instruction, ROM is selected. 


*2 Usually HR and LR is selected, but in case of processing instruction 
that modification is conducted by M instruction, MA is selected. 
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Registers can be designated by Index Instructions 


Q 

O 

_Q_ 

0 

Q 

Q 

__Q_ 

Q 

O 

Q 

Not used 



Register 

code 

Symbol 

Name 

TMP4310AP 


0 

AC 

Accumulator 

O 


I 

ST 

Status 

Register 

O 


2 

LR 

L Register 

o 


3 

M[(H*L) ] 

RAM 

o 


4 

INO 

In. Port 0 

o 


5 

NULL 

NULL 

o 


6 

100 

1/0 Port 0 

o 


7 

101 

1/0 Port 1 

o 

1 

8 

OTl 

Out. Port 1 

- 

o 


9 

OT 

Out. Port 0 

o 


A 

IIR 

H Register 

o 


B 

- 

- 

Not used 


C 

0T3 

Out. Port 3 

— 



102 

1/0 Port 2 

O 

Not used 


D 

0T2 

Out. Port 2 


E 

0T2 

In. Port 1 

Not used 

1 

F 

IN2 

In. Port 2 

Not used 


_o _ 

O’ 

_ O 

O 

Q 

O 

_o_ 

Not used 

o~ 


TMP4300C 

1 

O 

1 

O 

l 

o 

I 

o 

1 

o 

■ 

o 


o 

1 

o 

1 

o 


0 

1 

o 

1 

Not used 

■ 

— 


o 


o 


o 

1 

o 



Register code C designates 102 for TMP4310AP and TMP4300C and 0T3 for 
TMP4315BP and TMP4320AP. Therefore if it is required to perforin evaluation 
of TMP4315BP and TMP4320AP using TMP4300C, 102 is used as the matching 
port for 0T3. 
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5. Data Processing Instructions 

The data processing instructions are classified in four types, 
data transfer instruction, logical operation instruction, bit 
processing instruction, and ROM readout instruction. 


5.1 Data transfer instruction 

Data is handled in 4-bit units. The use of these instructions 
provide the setting of immediate data as well as the data 
transfer between two registers or between a register and RAM. 


’5) LDM (Load from Memory) : Load from Memory Instruction 
Symbol Instruction 

LDM 


<T Machine Code 3> 

^ Function 3> 

< Status Flag 5> 

Execution Cycle 

Explanation of 
Function 

Modifiable 
<T Index 3> 

Instruction 


MSB LSB 


7 

6 

5 

4 

3 

2 

1 

0 

L 1 

1 

0 

1 

i 

0 

1 

0 

i 

1 

1- 

1 

1 - 

0 


(AC) — M[(H*L)] 

(F) : No change 

(C) : No change 

1 Machine cycle 

The content of RAM address designated 
by H register and L register is loaded 
into accumulator. 

D, M 


■6) SWP (Swap) : SWAP Instruction 


<C Symbol Instruction > 


< 


SWP 

MSB LSB 


7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

i 

1 

i 

0 

I. 

0 

1 

1 

1 

0 

3 


Machine Code 
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<C Function 

< Status Flag 

< Execution Cycle ^ 

Explanation of _^> 
Function 


(TEMP) - - (AC) 

(AC) — M [(H-L)] 

M[ (H.L) ]--(TEMP) 

(F) : No change 
(C) : No change 

1 Machine cycle 

This instruction exhanges the content of 
RAM address designated by H register and 
L register content of the accumulator. 


Modifiable 

< Index > SD, M 

Instruction 


■J) LDA (Load from Accumulator) : Load from Accumulator Instruction 
<C Symbol Instruction 3> 

LDA 


<C Machine Code ^ > 


MSB LSB 

7654 3 210 

—i-1-1-1-1- r~ i 

0010 1 011 


C Function > 

< Status Flag > 


<d Execution Cycle ^ > 

^ Explanation of 
Function 


Modifiable 
< Irfdex ^ 

Instruction 


(AC) — (AC) 

(F) : No change 
(C) : No change 

1 Machine cycle 

The content of accumulator is loaded into 
the accumulator. If used independetly, 
this instruction becomes a no-operation, 
instruction. 

S, D, M 


''8> STR (Store) : Store Instruction 
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Symbol Instruction 7> 
STR 


<C Machine Code > 



6 

5 

. 

4 

3 

2 

1 


lL 

1 

0 

1 

0 

0 

1 

0 

'll 


<C Function 7> 

<C Status Flag 3> 

< Execution Cycle 7> 

^ Explanation of 

Function ^ 


(AC) -M[ (H-L)] 

(F) : No change 
(C) : No change 

1 Machine cycle 

The content of accumulator is stored 
in the RAM address designated by H 
register and L register. 


Modifiable 

^ Index S, M 

Instruction 


''SO LDT (Load and Test) : Load & Test Instruction 
Symbol Instruction 3> 

LDT 

Machine Code 

MSB LSB 

7654321 0 

I i | i i i | 

0010101 0 


<C Function 7> 

«< Status Flag 7> 

<C Execution Cycle > 

^ Explanation of ^ 
Function 


(AC) — (AC) 

If (AC) = 0 then (F)-1, else 

(F) —- 0 

(C) : No change 

1 Machine cycle 

The content of accumulator is loaded 
into the accumulator. If the data is 
zero, F is set to "l", but if not, F 
is cleared to "0". 


Modifiable 

<C Index 7> S, D, SD, M 

Instruction 
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10) LDI (Load Immediate data) : Load Immediate Data Instruction 


Symbol Instruction > 


< Machine Code > 

Function ^ 

<1 Status Flag 

<C Execution Cycle I> 

^ Explanation of ^ 
Function 

Modifiable 

< Index > 

Instruction 


LDI i (0^=i£15) 

MSB LSB 

7 6 5 4 3 2 1 0 

~ I I-1 -1-1-T-1- 

0 1 1 0 i 3 i 2 ii io 

Operand i = i 3 i 3 i 3 ig 

(AC) — i 

(F) : No change 
(C) : No change 

1 Machine cycle 

Immediate Data i is loaded into accumulator 


D, 


M 


'll) LLI (Load Immediate data to L register) : Load Immediate Data to 
L Register Instruction 

Symbol Instruction > 

LLI i (0 = i = 15) 

<C Machine Code 

MSB LSB 

7 654321 0 

f I I l i t i i 

I 0 1 0 0 i 3 ±2 i-1 io 

Operand i = i 3 i2 il io 

(LR) — i 

(F) : No change 
(C) : No change 

1 Machine cycle 

Immediate Data i is loaded into L Register 


^ Function ^ 

< Status Flag 7> 

<C Execution Cycle ^>- 

Explanation of 
^ Function 
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Modifiable 

<2 Index > D, M 

Instruction 

5.2 Logical operation instruction 

The instructions of CMA, CND, ORM and EOR are used for logical 
operation of every bit of 4-bit data. The qthers are mainly 
used for arithmetic operation. For 2-operand instruction one 
data source is a register and another is RAM. 

For the nine instructions except CMA, branch condition flag 
F is set, and for ADC instruction, carry flag C is set. 

(12) CMA (Complement Accumulator) : Complement Accumulator Instruction 
<2 Symbol Instruction 

CMA 

< Machine Code > MSB LSB 



(AC) — (AC) 

(F) : No change 
(C) : No change 

1 Machine cycle 

The content of accumulator is loaded 
into the accumulator after inverting 
"0" to "1" and "1" to "0" every bit. 

S, D, SD, M 

Q.3' NGT (Negate) : Negate (2 T s complement) Instruction 
<2 Symbol Instruction ;> 

NGT 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


<C Machine Code >» 

MSB LSB 


7 

6 

5 

4 

3 

2 

1 

0 

i 

0 

i 

0 

i 

1 

1 

i 

1 

i 

0 

t - 

0 

T - 

1 


<C Function > 

<C Status Flag F> 

< Execution Cycle 

Explanation of 
Function F> 


Modifiable 
<F Index 

Instruction 


(AC) — (AC) + 1 

if Carry then (F) —--1, else (F) — -0 
(C) : No change 

1 Machine cycle 

2’s complement of the content of accumulator 
is loaded into the accumulator. If the 
original data is 0 ((AC)=0), 2’s complement 
is 0. In this case only, F flag is set to 
"1”, but in the other cases, F flag is 
cleared to "0”. In this case F flag is 
used in both meanings of carry and zero 
decision. 

S, D, SD, M 


(14) ADD (Add) : Add Instruction 
<1 Symbol Instruction O 


ADD 

< Machine Code > MSB LSB 


7 

6 

5 

4 

3 

2 

1 

0 

OF 

— 

0 

1 

0 

1 

1 

0 

1 


Function ^ 

< Status Flag > 

<C Execution Cycle > 


(AC) —— (AC) + M [ (II-L) ] 

if carry then (F)—— 1, else (F)— - 0 
(C) : No change 

1 Machine cycle 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP431OAP TMP4315BP 

TMP4320AP TMP4300C 


< 


Explanation of 
Function 


< 


Modifiable 

Instruction 


Index 


The content of RAM address designated by 
the contents of H register and L register 
is added to the content of the accumulator, 
and the result is loaded into the accumulator, 
[f the resultant carry is "1" , F flag is set 
to "1", and if it is "0", F flag is cleared 
to "0". 

S, D, SD, M 


'15) ADC (Add with Carry) : Add with Carry Instruction 


<1 Symbol Instruction 3> 

ADC 


<C Machine Code 


<C Function 3> 

<C Status Flag 3> 


MSB LSB 

7 6 5 4 3 2 1 0 


i- 1 -r 

0 0 1 

1 

1 

- ! - r 

0 1 

-1- 

0 1 


(AC) — 

(AC) 

+ M [ (H 

•L)] + (C) 

if carry 

then 

(F)—1, 

(C)~-1, 

else (F)—-0 


(C)-O 


< Execution Cycle 


1 Machine cycle 


Explanation of 
Function 


The content of RAM address designated by 
H register and L register and the content 
of C flag are added to the content of 
accumulator, and the result is loaded into 
the accumulator. The conditions of Carry 
cause F flag and C flag to be set/reset. 


Modifiable Index > 
Instruction 


S, D, SD, M 
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TMP4310AP 

TMP4320AP 


TMP4315BP 

TMP4300C 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


(16) SUB (Subtract) : Subtract Instruction 
< Symbol Instruction 

SUB 


<; Machine Code > 


MSB LSB 


7 

6 5 

4 3 

2 

] 

0 

:° 1 

0 1 1 1 

1 1 

1 

1 

0 

3 


< Function >* 

<C Status Flag >. 

-< Execution Cycle> 

Explanation of 
Function 


Modifiable Index ^ 
Instruction 


(ACH-M[(H-L)] - (AC) 

if borrow then (F)*-0, else (F) 1 

(C) : No change 

1 Machine cycle 

The content of accumulator is subtracted 
from the content of RAM address designated 
by H register and L register, and the 
result is loaded into the accumulator. 

The conditions of underflow cause F flag 
to be set/reset. 

S, D, SD, M 


(l7) CND (Complement & AND) : Complement and AND Instruction 
< Symbol Instruction > 


< Machine Code > 


CND 


MSB LSB 


7 

6 

5 

4 

3 

2 

1 

0 

IT 

-r 

0 

T" 

1 

r 

1 

1 

1 

1 

1 

0 

3 


< Function > 

< Status Flag >• 


(AC) (AC) / M[ (H'L) ] 

if (AC) = 0 then (F)-^l, else (F) 0 

(C) : No change 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 

TMP4320AP TMP4300C 


<C Execution Cycle 

<•- Explanation of ^ 
Function 


Modifiable Index 
Instruction 


1 Machine cycle 

The logical product of every bit of the 
content of accumulators and the l's 
complement of the content of RAM address 
designated by the content of H register and 
L register is loaded into the accumulator. 
If the result is "0", F flag is set to "1"; 
in the other cases, F flag is cleared to 
" 0 ". 


S, D, SD, M 


(18 s ORM (OR) : OR Instruction 
< Symbol Instruction 

ORM 


< Machine Code ^> 

MSB LSB 

7654321 0 

I-1-1-1— —I -1-1 I 

0010111 0 


^ Function 
<C Status Flag 

<C Execution Cycle > 

Explanation of ^ 
Function 


^ Modifiable Index 
Instruction 


(AC) — (AC) y M[(H-L)] 

if (AC)=0 then (F)—1, else (F)-*-0 
(C) : No change 

1 Machine cycle 

The logical sum of every bit of the content 
of accumulator and the content of RAM address 
designated by H register and L register is 
loaded into the accumulator. If the result 
is "0", F flag is set to "1"; in the other 
cases, F flag is cleared to "0 M . 

S, D, SD, M 
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INTEGRATEDCIRCUIT 


TMP4310AP TMP4315BP 

TMP4320AP TMP4300C 


TECHNICAL DATA 


(JL9) F.OR (Exclusive OR) : Exclusive OR Instruction 
<C Symbol Instruction > 

EOR 


Machine Code > 

MSB LSB 


7 6 5 4 3 2 1 

0 

t—1 

0 

0 

0 

3 


Function ^ 

^ Status Flag 1> 

< Execution Cycle 

^ Explanation of 

Function -^ > 


< 


Modifiable Index 
Instruction 


(AC) — (AC)VM[(H-L)] 

if (AC)=0 then (F)-*-l, else (F)-*-0 
(C) : No change 

1 Machine cycle 

The exclusive logical sum of every bit 
of the content of accumulator and the 
content of RAM. address designated by H 
register and L register is loaded into the 
accumulator. 

If the result is ”0", F flag is set to 
"1"; in the other cases, F flag is cleared 
to "0”. 

S, D, SD, M 


(20) ADI (Add Immediate data) 
< Symbol Instruction >* 

Machine Code > 


Add Immediate Data Instruction 


ADI 


(0<i< 15) 


MSB 

7 6 5 4 3 


LSB 

2 10 


-j-,-j- 

i3 i2 il iQ 


0 111 


Operand i = i^ i£ 1 q 


Function 


(AC) — (AC) + i 
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jjppj 2g 


INTEGRATffiCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


<C Status Flag 3> 


< 

< 


Execution Cycle 

Explanation of ^ 
Function 


Modifiable Index >> 
Instruction 


if Carry then (F) -*-l , else (F) —- 0, 

(C) : No change 

1 Machine cycle 

Immediate data M i" is added to the content 
of accumulator and the result is loaded into 
the accumulation. 

If the resultant carry is generated, F flag 
is set to "1"; in the other case, F flag 
is cleared to "0". 

S, D, SD, M 


(21/ ALI (Add Immediate data to L register) : 

Add Immediate Data to L Register Instruction 

Symbol Instruction 

ALI i (0 < i < 15) 

Machine Code 

MSB LSB 

76543210 

-,- T - T -1 - 

0 1 0 1 I i3 ±2 il i0 

_i___ 

Operand i = ±2 i-1 i-0 


Function 

< Status Flag > 

<C Execution Cycle 

^ Explanation of 
Function 


< 


Modifiable 

Instruction 


Index 


(LR) — (LR) + i 

if Carry then (F)—1, else (F) —- 0 
(C) : No change 

1 Machine cycle 

Immediate date "i" is added to the content 
of L register, and the result is loaded into 
L register. If resultant carry is generated, 
F flag is set to "1"; in the other cases, F 
flag is cleared to "0 n . 

S, D, SD, M 
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INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TMP431OAP TMP4315BP 

TMP4320AP TMP4300C 


5.3 Bit manipulation instruction 

Ordinary data is manipulated as 4-bit units, however the use of 
these instructions enables the data to be manipulated bit by bit. 
These instructions are mainly applied to status register ST, but 
their functions can be extended to aribitrary register, output 
port and RAM by a combination of index instructions. 


(22) SSB (Set Status Bit) 


Set Status Bit Instruction 


Symbol Instruction 

SSB b (3 ;> b > 0) 

Machine Code 3> 

MSB LSB 

765 43210 

, i | | | | 

0 0 0 1 0 1 b x b 0 


Operand b = b^ bg 


C Function (ST) — (ST) V Ones < b> (ST < b>—1) 


<C Status Flag > 

^ Execution Cycle > 

^ Explanation of ^ 
Function 


There may be flags (bits) changed by the 
execution itself of this instruction, but 
there are no flags changed by the result 
of the execution. 

1 Machine cycle 

The bit field of the status register 

defined by low order 2 bits "b” of the 
instruction is set to a "1". 


Modifiable Index ^ SD, M 

Instruction 


23/ RSB (Reset Status Bit) : Reset Status Bit Instruction 
< Symbol Instruction ^ 

SRB b (3 > b 0) 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 
TNP4320AP TMP4300C 


<1 Machine Code 

MSB LSB 

7 6 5 4 3 2 1 0 

- 1 - 1 - 1 - 1 - 1 - 1 - 1 - 

0 0 0 1 1 1 bi bo 


Operand b = bg 


^ Function 
<2 Status Flag 


< 

< 


Execution Cycle > 

Explanation of > 
Function 


(ST) - (ST) A Ones < b> (ST <b>-0) 

There may be flags (bits) changed by the 
execution itself of this instruction, but 
there are no flags changed by the result 
of the execution. 

1 Machine cycle 

The bit field of the status register 
defined by the low order 2 bits "b" of 
the instruction is set to a "0". 


^ Modifiable Index ^ SD, M 

Instruction 


(^4) LFB (Load complemented status Bit to F) 

Load and Complement Status Bit to F Instruction 


<2 Symbol Instruction 


<2. Machine Code > 


LFB b (3 > b > 0) 


MSB LSB 



Operand b = b\ bQ 


< 

Function > 

(F) - 

< 

Status Flag > 

(F) : 



(C) : 


- ST <b> 

According to condition of ST <\b 
No change 


<2 Execution Cycle 2> 


1 Machine cycle 




$)3uba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TIMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


^ Explanation of 
Function 


> 


^ Modifiable Index 
Instruction 


> 


If the bit content of status register 
designated by lower order 2 bits of the 
instruction is 1, it is inverted to 0, 
and it is 0, it is inverted to 1, and then 
it is loaded into F bit. 

S, M 


5.4 ROM readout instruction 

SDC is the instruction by which the address on ROM of fixed data 
is set into data counter DC. LRL and LRH are the instructions by 
which ROM data are readout in the 4-bit unit. 


(25) SDC (Set Data Counter) : Set Data Counter Instruction 
<C Symbol Instruction 

SDC a 16<ja<2032, where "a" is 

( integral multiples of 16. ) 
i.e. a= 16n,l^_n< 127 


< 

Machine Code ^■ > 


MSB 

7 

6 

5 

4 

3 

2 

1 

LSB 

0 



1st 

Byte 

T 

0 

i 

0 

i 

1 

1 

0 

0 

t 1 

0 

0 

1 | 
° ! 





7 

6 

5 

4 

3 

2 

1 

0 



2nd 

Byte 

i 

a 7 

i 

a 6 

i 

a 5 

a, i 
4 i 

0 

l a 10 
i 

a 9 

i 

a s 


< 

Function '' > 


* 

Operand 

a 

= a 

10 **9 

a 8 

a -j a^ a^ a^ 0000 


(dc h ) — 

a 10 a 9 a 8 



] 








(dc m ) — 

a 7 a 6 a 5 a 4 

V 

(ZR) 


i. 

e. 

(DC) 


a+M[(H *L)] 


(dcl) — 

M[(H•L)] 










c 

Status Flag -' > 

(F) : 

No 

change 







(C) : No change 


2 Machine cycle 
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tfodiiba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 

TMP4320AP TMP4300C 


Explanation 

Function 


Data Counter 


This instruction sets ROM address into 
the data counter. The higher order 3 
bits of ROM address to be set are im¬ 
mediate values, and the intermediate 4 
bits are the logical sum of intermediate 
value and virtual source register ZR, 
of which content is "0", and the lower 
order 4 bits are the content of RAM ad¬ 
dress indicated by H register and L re¬ 
gister. When source register is de¬ 
signated by the index instructions, ZR 
OR-ed to the intermediate 4 bits becomes 
the content of its source register, be¬ 
ing effectively activated. 

The content of data counter after the 
execution of instruction is as follows, 
if it is not modified by index instructions: 


MSB LSB 

10 9876 54 32 10 


a 10 a 9 a 8 


a 7 a 6 


a 5 a 4 ! 

i 


M[(H•L)] 


^ Modifiable Index S, M 

Instruction 


( 26 ) 


LRL (Load ROM Lower data) 
Symbol Instruction 


Load ROM Lower Data Instruction 


LRL 

< Machine Code MSB LSB 


7 6 5 4 

3 2 1 

0 

0 0 10 

i i 

0 0 1 

z 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


Function 3> 

<3 Status Flag 3> 

< Execution Cycle 3> 

^ Explanation of ^ 
Function 

^ Modifiable Index 
Instruction 


(AC) •*- ROM l [(DC)] 

(F) : No change 
(C) : No change 

2 Machine cycle 

This instruction loads the accumulator 
with the lower order 4 bits of the 
content of ROM address designated by 
the content of data counter. 

D, M 


(27) RLH (Load ROM Higher data) 


Load ROM Higher Data Instruction 


Symbol Instruction 


<1 Machine Code 


LRH 


MSB LSB 


7 

6 

5 

4 

3 

2 

1 

0 

K 

1 

0 

1 

1 

1 

1 

0 

1 

0 

1 

1 1 

0 


<C Function > 

<3 Status Flag ^ 

<1 Execution Cycle 

Explanation of -- 5 , 
^ Function 


Modifiable Index 
Instruction 


(AC) — ROM r [(DC)] 

(DC)-(DC) + 1 

(F) : No change 
(C) : No change 

2 Machine cycle 

This instruction loads the accumulator 
with the higher order 4 bits of the 
content of ROM address designated by the 
content of data counter; after-ward, the 
content of data counter is increased by 
one. 

D, M 
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TECHNICAL DATA 


TMP4310AP TMP4315BP 

TMP4320AP TMP4300C 


6 Subroutine Instructions 

When subroutine call and interrupt operation are performed, the value 
of PC should be stored in a stack in order to keep return address. 

Four levels of PC stacks are provided for the interrup operation and 
the subroutine call, enabling four-level nesting to be performed. The 
4th stack serves for data counter DC; therefore, when data counter is 
in use, the operation of nesting should be restricted to three levels. 
Otherwise, the content of data counter is destroyed, resulting in the 
deletion of the return address. When the four-level nesting is in 
operation, no interrupt operation is performed. Also, no storage of PC 
by call subroutine instruction is performed. 


(28) CAL (Call subroutine) : 
<C Symbol Instruction 3> 

<3 Machine Code > 

1st Byte 

2nd Byte 

Function 3> 


Call Instruction (2 Bytes) 

CAL a (0 < a < 2047) 

MSB LSB 


7 

6 

5 

4 

3 

2 

1 

1 

0 

E 

i 

1 

I 

0 

0 

i 

1 

a 10 

a 9 

a 8 

7 

6 

5 

4 

3 

2 

1 

0 

E 

1 

a 6 

1 

a 5 

1 

a 4 

1-1 

a 3 

-T 

a 2 

a l 

' a 0 | 


Operand a = aK) a 9 a 8 a 7 a 6 a b a 4 a 3 
(PC) —(STK) push down 

(PC) —a 


<C Status Flag > 

< Execution Cycle 

^ Explanation of ^ 
Function 


(F) : No change 
(C) : No change 

2 Machine cycle 

This is a subroutine call instruction 
which directly indicates the entry 
address of subroutine. 
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tfoduba 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


The return address is put into a stack, 
and the designated value (the entry address 
of subroutine) a=al0a9a8a7a6a5a4a3a2ala0 is 
set to PC. 

The stack of return address is a push down 
stack which can be stacked up to 4 levels. 
Since the fourth level is a data counter, 
precautions for use should be taken. 

^ Modifiable Index ^ No instruction 

Instruction 


(29) CLS (Call Subroutine by single byte) : Call by Single Byte 

Instruction 


^ Symbol Instruction ^ 

<C Machine Code 


<5 Function 


<f Status Flag 


Execution Cycle 3> 


CLS i (0 <i < 15) 

MSB LSB 

7 6 5 4 3 2 1 0 

- T - T --7-—7—- 1 - 1 - 1 - 

0 0 0 0 j 13 i 2 *1 i-0 

_ 1 ----— 

Operand i =J '3i2iliO 

(PC) —(STK) push down 
(PC) i x 8 + 4 

(F) : No change 
(C) : No change 

1 Machine cycle 


< 


Explanation 

Function 


of 


> 


This instruction stores a return ad¬ 
dress into a stack, calculates (=000 
^^iliolOO) i x 8 + 4 as subroutine 
entry address from the entry address 
No. i designated to the operand, and 
sets the result to PC. 

The stack of return address is of 
push-down stack which can stack as 
high as 4 levels. 
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TECHNICAL DATA 


TMP431OAP TMP4315BP 

TMP4320AP TMP4300C 


< 


Modifiable 
Instruction 


Index 


> 


Since the fourth level is a data counter, 
precautions for use should be taken. 

No instruction 


(S3) RTN (Return) : Return Instruction 
Symbol Instruction 

RTN 

Machine Code MSB gSB 



< Function 
<3 Status Flag 

<3 Execution Cycle > 

^ Explanation of 
Function 


^ Modifiable Index 
Instruction 


(PC) —(STK) last in data 

(F) : No change 
(C) : No change 

1 Machine cycle 

This instruction causes a return from 
an interrupt routine and a subroutine 
to the main program. The newest return 
address stored in the stack is loaded 
into the program counter. 

No instruction 


7 Branch Instruction 

Among the branch instructions, there is an on-condition-set/cleared 
branch instruction of which condition is decided whether or not branch 
operation is performed depending upon the value of F flag in the 
program status register; therefore, it should be considered how the 
value of F flag is changed by the data processing instruction just 
before the use of the conditional branch instruction. BRC is limited 
in branch range, but this instruction can reduce the number of bytes 
of ROM because of a single byte instruction. 
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ms 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


The unconditional jump instruction shifts unconditionally the 
execution flow of the instruction to the address indicated by the 
address field of this instruction. 

(3l) BRC (ranch on Condition set) : Branch on (F) = 1 Forward 

Instruction 


(32) BRC (Branch on Condition set) : Branch on (F) = 1 Backward 

Instruction 


<2 Symbol Instruction ^ 


BRC a 0 a < 2047, 
(-16 g, a - $^15 ) 


Machine Code 


Function 


< Status Flag 3> 


MSB 

7 


LSB 
1 0 


1 1 


13 12 11 10 


a-S=i3i2iliO 

a-$^0, S=1 ... Branch on(F) = l Forward 
Instruction 

a-$<£0, s=0 ... Branch on(F)=l Backward 
Instruction 

if (F)=l then (PC)—-a, else No 
operation ((PC)——(PC) + 1) 

(F) : No change 
(C) : No change 


Execution Cycle > 

^ Explanation of 
Function 


1 Machine cycle 

If F flag of status flag is set to "1", 
the value of program counter is changed 
to the absolute address "a" defined by the 
operand field of the instruction. In the 
other cases, the program counter advances 
by one and execution of the next instruction 
will be initiated without any other 
operations. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP431OAP TMP4315BP 

TMP4320AP TMP4300C 


The range of absolute address "a" 




-16 

- 15 

against ROM address 




by 

this 

instruction 

itself. 


< 

Modifiable Index 
Instruction 

No 

instruction 



(33) 

JCS (Jump on Condition Set) : 

Jump 

ii 

u-t 

c 

o 

Instruction 

c 

Symbol Instruction ^ 

JCS 

a 


(0 ^ a 

2047) 


< 

Machine Code 

MSB 





LSB 



7 

6 

5 

4 3 

2 1 

0 


1st Byte 

1 

T-T 

1 

1 

i 

0 0 

1 i 

| a 10 a 9 

i 

a 8 



7 

6 

5 

4 3 

2 1 

0 


2nd Byte 

E 

i - r 

a 6 

— 

a 5 

i 

a 4 a 3 

i i 

a 2 a l 



is 

stored 


Operand a=apo a 9 a 8 a 7 a 6 a 5 a 4 a 3 a 2 a l a 0 


Function > 

<C Status Flag 3> 

<2 Execution Cycle 2> 

Explanation of ^ 
^ Function 


^ Modifiable Index ^ 
Instruction 


if (F) = l then (PC)—a,else No Operation 

(F) : No change 
(C) : No change 

2 Machine cycle 

If F flag is set to M 1 M , this instruction 
causes to branch to the address "a" 
indicated by the lower order 11 bits of 
this instruction. In the other cases, 
execution of the next instruction with 
be initiated without any other operations. 

No instruction 


(34) JCC (Jump on Condition Cleared) : Jump on (F)=0 Instruction 
< Symbol Instruction 3> 

JCC a (0 ^ a S 2047) 
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ms 


TECHNICAL DATA 


TMP431OAP TMP4315BP 
TMP4320AP TMP4300C 


<T Machine Code - > 

1st Byte 

2nd Byte 


MSB LSB 


7 

6 

5 

4 

3 

2 

1 

0 

[I 

r 1 
1 

.1 

0 

i 

1 

310 

39 

i 

a 8 

_7__ 

6 

5 

4 

3 

2 

1 

0 

37 

1 . 1 

a 6 

1 

35 

a 4 

a 3 

I-r 

32 

ai 

1 - 

30 

Operand 

a= 

=a 10 

a 9 a 

3 a 7 

a 6 

a 5 a 4 


Function 7> 

^ Status Flag J> 

Execution Cycle i> 

^ Explanation of 

Function '' > 


< 


Modifiable Index 
Instruction 


if (F) = 0 then (PC)--a, else No Operation 

(F) : No change 
CO : No change 

2 Machine cycle 

If F flag is cleared to "0", this 
instruction causes to branch to the 
address "a" indicated by the lower order 
11 bits of the instruction. In the other 
cases, execution of the next instruction 
will be initiated without any other 
operations. 

No instruction 


(35) JMP (Jump) : Unconditional Jump Instruction 
<C Symbol Instruction 7> 




JMP 

a 

L 

(0 < a 

< 2047) 


Machine Code 

> 

MSB 







LSB 



7 

6 

5 

4 

3 

2 

1 

0 

1st 

Byte 

- ( 

1 

i 

1 

0 

0 

i 

0 

t 1 

| a 10 
i 

a 9 

1 

38 



7 

6 

5 

4 

3 

2 

1 

0 

2nd 

Byte 

E 

i 

a 6 

a 5 

a 4 

! 

a 3 

1.1" 

a 2 

a l 

1 

a 0 



Operand 

a= 

:a 10 

a 9 

a 8 a 7 

a 6 

35 a 4 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP 

TMP4320AP 


<1 Function ^ 

<T Status Flag ^ 

<C Executio Cycle 

Explanation of 
^ Function 


Modifiable Index ---> 
Instruction 


(PC)——a 

(F) : No change 
(C) : No change 

2 Machine cycle 

This instruciton causes an 
branch to the address "a" 
the lower order 11 bits of 

No instruction 


TMP4315BP 

TMP4300C 


unconditional 
indicated by 
the instruction. 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


[OPERATION DESCRIPTION] 


1. Basic Clock 

The basic clock generates the basic timing sequences required for the 
operations of TLCS-43. There are the following methods of options 
generating the basic clock. 


(1) Direct Connection of the Oscillator 



When a crystal oscillator, or a ceramic 
oscillator, or a IFT, is connected as 
shown at the left, the frequency of TLCS- 
43 basic clock is equal to that of the 
oscillator. (Except TMP4310AP) 



The basic clock of TLCS-43 can also be 
supplied by an external oscillator circuit 
as shown at the left. 

The external clock input should be 
sinusoidal or square wave vibrating with 
levels between 0 volts and 5 volts. 


(3) Internal Oscillation 

The basic clock of TMP4310AP can be 
obtained by connecting the resistance as 
shown in the left figure. 

(fosc = 250kHz - 450 kHz at R=43kft) 
(Except TMP4315BP, TMP4320AP, TMP4300C) 



2. Initialize Operation 

The initialize operation of TLCS-43 is performed by placing RST terminal 
at the low level as shown below. The minimum time period of four 
basic clock cycle is required for the low level pulse width. 

RST 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


0<W<1.5 cycles 

1.5 cycles<W<4 cycles 

4 cycles <W 

The initialize 
operation is not 
performed. 

Whether or not the ini¬ 
tialize operation is 
not definite. 

The initialize 
operation is 
performed. 


One cycle is equal to one cycle of the basic clock. 


The initialize operation performs the following functions. 


Block 

Symbol 

Initialize Function 

Program counter 

PC 

Cleared to "0" 

Interrupt latch 

XL 

Cleared 

Interrupt flag 

IM 

Cleared to "0" disabling interrupt. 

Output port 

0T0 

All bits are set to "l". 

T01 

All bits are set to "l". 

0T2 

All bits are set to "1". 

0T3 

All bits are set to "1". 

Input/Output 

port 

100 

All output bits are set to "1". 

101 

All output bits are set to M 1 M . 

102 

All output bits are set to "l". 

Stack 

STK 

Made empty. 


While RST terminal is held at the low level, only the above functions 
are taken place and other operations, such as execution of program are 
not performed. 

When RST terminal is returned to the high level, the program starting 
from address 0 is executed. 

(Note) C, F and G of the status register are not reset. 

Therefore, these must be taken care of by the program. 

And any index instructions executed prior to the initialization 
are ignored. 
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tfSSuba 


TMP4310AP 

TMP4320AP 


If a capacitor is connected to RST 
terminal as shown at the left, the 
initialize operation is automatically 
performed when the power supply is 
turned on. And if it is required to 
perform the initialize operation manually, 
a switch should be connected for this purpose. 

3. Interrupt Operation 

(1) Interrupt Operation 

TLCS-43 has the function which allows the interrupt operation to be 
triggered externally. The interrupt operation is performed by hold¬ 
ing INT terminal at the low level for four basic clock cycles or 
more. However, several conditions must be satisfied to initiate the 
interrupt operation. Such conditions are as follows. 

1. Interrupt flag IM has been set and one or more instructions have 
veen executed after the flag was set. 

2. Four levels of subroutine, nesting have not been performed. 

The interrupt request signal from outside is retained in interrupt 
latch IL located inside and once an interrupt is accepted, IL and 
inteerupt flag IM are cleared. 

If it is desired to trigger an inteerupt again, INT terminal must 
be returned to the high level (for two basic clock cycles or more) 
and must be placed at the low level again. Repetitive interrupts 
are not accepted keeping INT terminal at the low level. 

Setting and repetitive setting of IL by INT signal are performed 
in the following timings. 

(Setting Timing of IL). 


I 

f—- w 


1 

i_j 



0 <. W < 1 cycle 

1 cycle<LW<4 cycles 

4 cycles <W 

IL is not set. 

Whether or not IL is 
set is not definite. 

IL is set. 


INTEGRATEDCIRCUiT 

TECHNICAL DATA 


Initialize 


RST 


77/ 


TMP4315BP 

TMP4300C 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 
BMP4320AP TMP4300C 


(Repetitive Setting of II.) 


TNT _j 

— 4 cycles or more— 

h w ’~] 

r-4 cycles or more~1 



1 _ ) 

\ 

\_i 



W’ = 0 

0<W'< 2 cycles 

2 cycles^W’ 

IL is not set 
again. 

Whether or not IL is 
set again is not 
definite. 

IL is set again. 


Where one cycle is equal to one cycle of the basic clock. 


When an interrupt is accepted, the content of program counter PC 
is pushed down to stack STK and the entry address (address 2) of 
the interrupt service routine is set in the program counter. 

The accumulator, the status register, L register and H register 
which are used in the interrupt program must be saved into RAM 
area in the service routine. 

When returning to execution of the main routine after completing 
the interrupt routine the saved registers are returned and the 
interrupt flag which has been reset is set to "1". Then, execution 
of Return instruction causes to return to execution of the main routine 


(2) Timing of Interrupt Enable/Disable 
(T) Interrupt Flag Set/Reset 


? 

SSB2 

xxx 

RSB2 

xxx 

SSB2 

xxx 

SSB2 



Initialize 


\ 


.instruction) 


Interrupt enable\ 
State \ 

Interrupt disable] 
State 


\ 


Initialize 


Disable 


Enable 


Disable 


Enable Disable 


The interrupt is enabled, when one instruction has been executed 


after SSB2 instruction was executed, and immediately disabled by 
execution of RSB2 instruction. 
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TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


(?) When stack is used up to the deepest level (level 3) 
(Assumption: IM flag is set "1" constantly) 


Level 3 
Level 2 

Level 1 
Level 0 
Interrupt < 

Inteerupt < 

Even if IL and IM have been set, if the stack is occupied fully 
up to the deepest level (level 3), any interrupt are not accepted 
and must wait until level 3 becomes available. 

(3) Relationship between INT Signal and RST Signal 

When the interrupt request signal and the initialize signal occur 
simultaneously, the operation shown in the following examples 
takes place. 

INT 

RST 

D' <1 cycle . The interrupt request is accepted after 

the initialize operation. 

1 cycle<D f <5 cycles ... Acceptance of the interrupt request 
is not definite after the initialize 
operation. 

D T > 5 cycles . Only the initialize operation performed 

and the interrupt request is not 
accepted. 

Where one cycle is equal to one cycle of the basic clock. 
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TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


4. Types of Output Buffers 

For the output buffers of output ports and input/output ports, the 
following types (A) or (B) can be specified by designating a mask 
option. Since these types are selected by the same mask as the user 
program mask,these must be specified based on the mask ROM data type 
format. (Refer to the mask ROM data tape format.) 

When data is input from the input/output ports, the output data must 
have been set to "1" in advance for both (A) and (B) types. 

For the electrical characteristics, refer to the paragraphs of ABSOLUTE 
MAXIMUM RATINGS and DC CHARACTERISTICS. Since the pull-up resistors 
are provided by MOS transistors, the characteristics are somewhat 
different from normal resistors. , 



V QL < 0.4V(I 0L = 1.6mA) V Ql < 0.4V( I Lq =1 .6mA) 

(A) With Pull-up Resistance (B) Open Drain 


Since all the bits of TMP4300C output ports and input/output ports 
are the open drain type, the mask option can not be specified. 


5. Pull-up Resistors of RST Terminal and INT Terminal 

All versions of TLCS-43 are provided with the pull-up quasi resistors 
(typical valve of 100k ohms) fabricated with MOS transistors for RST 
and INT terminals. The guaranteed valve of general electrical 
characteristics of these resistors are IiL'Z MAX. =-0.1 mA(VxN = 0-6V) . 
(Refer to DC CHARACTERISTICS.) 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


[EVALUATOR CHIP DESCRIPTION] 

TMP4300C is the evaluator chip which is used for development of the 
application systems (or programs) for TLCS-43. 

For these purposes, some terminals and functions have been added to 
TMP4300C in addition to those of other TLCS-43 chips. 


The terminals and the functions dedicated to TLCS-43 development tool 
(TDS400/43) are also provided, and refer to the operation manual of 
TDS400/43 for details. 

1. Operation Timing 

The normal operation timing of TMP4300C is shown in the figure below. 
The timings of the initialize operation and the interrupt operation 
are exactly same as the operation timings of other TLCS-43 chips. 


Basic clock ^0~ 


_1 machine^ 
cycle 


LRH/LRL instruction 
execution cycle 


clk i _i i_i i_i i_i i_r 

A ° " A 10 ~ X (PC) X (PC) X (PC) X (DC) X " (PC) 

10 ~ 17 ^^(instruction ^instruction I^CTrH/I.RI. Data 

Instruction 


2. Example of TMP4300C Application 

The diagram below illustrates an example of connection with an EPROM, 

which allows the program confirmation before confirming program to 
ROM. 


* TMM323C is 2716 type EPROM with 16K bits (2,048 words x 8 bits) 


INTEGR ATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


(Output data) 
(I/O data) 
(Input data) 


(Initialize input) 
(Interrupt input) 


V T)D 


] 0TC-0T2 


> 100-102 

A C" A 10 

IN0-IN2 


R ll TMP4300C 

I NT 

X IN 

x 0UT 

I 0 -I 7 

ID GND 



11 

~ ' / ~~ 
(ROM address) 


Vcc 

Ao-Apo 


I 


°° °7 PD/PGM 


(Instruction/ 

ROM data) GNp 


3 Caution for Using 102 Port 

The output port and the input/output port of TLCS-43 have the con¬ 
figurations shown below. 


(Output port) 



A 


TLCS-43 




Buffer/Driver 


( Input/Output port) 
TLCS-43 fl 


Gate Latch 


Gate I Latch/Driver 


Internal Bus 


Internal Bus 





^ a 

INTEGR ATEDC1RCUIT 

^2 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


Therefore, when a circuit which clamps the output voltage level is 
directly connected externally to the terminal, and the output data 
is referenced by the program, it can be correctly read for the output 
port. However for the input/output ports there is possibility of reading 
erroneous data if the input voltage level is not secured by the clamp 
circuit. In order to read the data correctly, the terminals and the 
clamp circuits are required to be separated by the buffer circuits. 

When a system development is conducted for TMP43.15BP and TMP4320AP using 
TMP4300C, the pairing port for the output port 0T3 is the input/output 
port 102. Therefore, when it is required for a program to reference 
output data in 0T3 port in a system using TMP4315BP or TMP4320AP,care 
should be taken not to directly connect a circuit which clamps the 
output level to 102 port, during the evaluation stage using TMP4300C. 

(Circuit of Actual Application) (Circuit of Evaluation Stage) 


TMP4315BP 

TMP4320AP 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


TMP4310AP ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 

V DD 

Vpp Supply Voltage 

-0.5V to 7V 

Vdd 

Input Voltage 

-0.5 V to 7V 

V 0UT1 

Output Voltage (Except Open Drain Pins) 

-0.5V to 7V 

v 0UT2 

Output Voltage (Open Drain Pins) 

-0.5V to 10V 

I 0UT1 

Average Output Current (Except 0T1) 

4mA 

I 0UT2 

Output Current (0T1.) 

30mA 

Pd 

Power Dissopation (TA=70°C) 

700mA 

t solder 

Soldering Temperature (Soldering Time 10sec.) 

260°C 

t stg 

Storage Temperature 

-55°C to 125' 

t opr 

Operating Temperature 

-10°C to 70°( 

C CHARACTERISTICS 

T^=-10°C to 70°C , Vpp=5V + 1C %, Unless Otherwise N 

loted 


Parameter Test Conditi 

ons Min. Typ. 

Input High Voltage (INO,100,101,102, RST' 

2.2 

Input High Voltage (INT) 

3.5 


Max .Unit 

Vdd ~ 


Input Low Voltage 

Clock Input High Voltage (Xjn) 

Clock Input Low Voltage (Xjn) 


External Drive 3.6 
External Drive 0 




Input Current (INO) 


vin=vdd 



20 

pA 





Open Drain 

V 1N =V DD 



20 

6 A 

1 

1 im 


Input Current(100,101,102) 

PuU Up 




- 

- 





Open Drain 




- 

- 


t -ili 


Input Low Current 
(100,101,102) 

Pull Up 

Vin=0.6V 



-1.6 

mA 

i 





INTEGRATEDCiRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 



Symbol 

Parameter 

Test Condition 

Min. 

Typ- 

Max. 

Unch 


I IL2 

Input Low Current(RST, INT) 

V in =0.6V 



-0.1 

mA 




Open Drain 

V 0UT =V DD 



20 

UA 


r L0 

(0T0, 0T1) 

Pull Up 



- 

- 


V 0H 

Output High Voltage 

Open Drain 




- 

- 




Pull Up 

x OH = “100uA 

2.4 



V 


V 0L 

Output Low Voltage (Note) 

J 0L =1 -6mA 



0.4 

V 


X DD 

Vj)j) Supply Current 



40 

80 

mA 


Note: Output port OT1 can sink large current. (Iol TYP. ==20mA, Vqj =2 . OV) 
While sinking large current, the output low voltage (Vq^) limit is 
the following value. 

V QL Max.=0.5V (I 0L =1.6mA) 


AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1). 

Ta=- 10°C to 70°C , V dd = 5V ± 10 % , Unless Otherwise Noted. 


Symbol Parameter 

t^ Q Clock Cycle Time 

t s Input Set up‘Time 

t^ Input Hold Time 

t D Output Delay Time 


Test Condition Min. Typ. Max. Units 

9 ’ S ITY 


Cl= 50PF,R(Pull- 
up )=50k , 1TTL 


INT Low Level Pulse Width 
RST Low Level Pulse Width 


fosr Internal Oscillation Frequence 


4 Cloc 

_ Cycl 

4 Cloc 

_ Cycl 

250 450 kHz 













INTEGRATHJCIRCUIT 

TECHNICAL DATA 


• ' V LA ! A ->4 LAO'/«■ 

Tf|p'43i'Mp- V* #>4415B ; P 

TMP4320AP TMP4300C 


TMP4315BP ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating ; 

V DD 

Vqq Supply Voltage 

-0.5V to 7V ; 

V IN 

Input Voltage 1 ’ ' ' • 1 

-0.5V to 7V 

V 0UT1 

Output Voltage (Except Open Drain Pins) 

i-0-.5V to 7V 

v OUT2 

Output Voltage (Open Drain Pins) 

-0.5V to 10V 

T OUTl 

Average Output Curreht 

■ • 4mA- ■ 


Power Dissopation (TA=70°C) 

5 '700mW 

i SOLDER 

Soldering Temperature (Soldering Time, lOsec.) 

260° C 

TsTG 

Storage Temperature 

-55°C to 125°C 

topr 

Operating Temperature 

-10°C to 70°C 


X C CHARACTERISTICS 


TA=-10°C to 70°C, V|)p=5V ± 10 %, UnLess Otherwise Noted. 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

V IHI 

Input High Voltage (TNO,INI,IN2,100,101, 
RST) 


2.2 


Vdd 

V 

V IH2 

Input High Voltage (INT) 


3.5 


V DD 

V 

V IL 

Input Low Voltage 


0 


0.6 

V 

V C H 

Clock Input High Voltage (Xxn) 

External Drive 

3.8 


V DD 

V 

V CL 

Clock Input Low Voltage (Xjn) 

External Drive 

0 


0.6 

V 

I IN1 

Input Current (INO,INI,IN2) 

vin=vdd 



20 

yA 

I IN2 

Input Current(TOO,101) 

Open Drain 

V IN =V DD 



20 

UA 

Pull up 




- 

- 

I IL1 

Input Low Current 
(100,101) 

Open Drain 




- 

- 

Pull Up 

V IN =0.6V 



-1.6 

mA 

i I IL2 

Input Low Current(RST,INT) 

V in =0.6V 



-0.1 

mA 

j X LO 

Output Lead Current 
(0T0,OTl,OT2,0T3) 

Open Drain 

v 0UT =v DD 



20 

uA 

Pull Up 




- 

- 

! V OH 

Output High Voltage 
(Except Xqut) 

Open Drain 




_ 

- 

j 

Pull Up 

Ioh~~100uA 

2.4~ 



V 

' V 0L 

Low Output Voltage(Except XoUT) 

IOL=l*6mA 



0.4 

V 

X DD 

Vrd Supply Current 



40 

80 

mA 
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TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1). 


TA=-10°C to 70°C, Vj)Q=5V - 10 %, Unless Otherwise Noted. 


Symbo 

1 

Parameter 


Min. 

Typ* 

Max. 

Units 



Clock Cycle Time 

Test Condition 

2 


5 

ps 



Input Set up Time 


0.9 ^ 



ys 



Input Hold Time 


0.9 



ys 



Output Delay Time 

C L =50PF,R(Pull up)=50kft ,1TTL 



1.8 

_ ps _ 

tlNT 


INT Low Level Pulse Width 


4 



Clock 

Cycle 

t RST 


RST Low Level Pulse Width 


4 



Clock 





INTEGR ATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


TMP4320AP ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 

V DD 

Supply Voltage 

-0.5V to 7V 

VlN 

Input Voltage 

-0.5V to 7V 

V 0UTI 

Output Voltage (Except Open train Pins) 

-0.5V to 7V 

v OUT2 

I OUTl 

Output Voltage (Open Drain Pins) 

-0.5V to 10V 

Average Output Current (Except OTl,OT2) 

4mA 

I OUT2 

Output Current (OT.1, OT2) 

30mA 

Pd 

Power Dissipation (TA=70°C) 

8 5 OmW 

t solder 

Soldering Temperature (Soldering Time lOsec.) 

260°C 

t stg 

Storage Temperature 

-55°C to L25°C 

t opr 

Operating Temperature 

-10°C to 70°C 


DC CHARACTERISTICS 

TA=-10°C to 70°C, V dd -5V 


Unless Otherwise Noted 


Symbol 


Parameter 

Test Conditions 

Min. 

Typ.j 

Max. 

Units 

V IH1 


Input High Voltage (INO, INI 

, IN2,100,T01,RST) 


2.2 


V DD 

V 

VlH2 


Input High Voltage (TNT) 


3.5 


V DD 

V 

Vil 


Input Low Voltage 


0 


0.6 

V 

V CH 


Clock Input High Voltage (Xpjq) 

External Drive 

3.8 


VDD 

V 

VCL 


Clock Input Low Voltage (Xjn) 

External Drive 

0 


0.6 

V 

1 INI 


Input Current (TNO, TNI, 1N2) 

V IN =V DD 



20 

PA 




Open Drain 

V IN =V DD 



20 

nA 

[ IN2 


Input Current (100,101) 

Pull up 




- 

- 

T IL1 


Input Low Current 

Open Drain 




- 

- 



(100, 101) 

Pull Up 

Vin=0.6V 



-1.6 

mA 

TIL2 


Input Low Current(RST,INT) 

Vin=0.6V 



-0.1 

mA 

I LO 


Output Lead Current 

Open Drain 

v 0UT =v DD 



20 

; t A 



; (0T0, 0T1, 0T2, 0T3) 

Pull Up 




- 

- 

V 0H 


Output High Voltage 

Open Drain 




- 

- 



(Except Xqut) 

Pull Up 

I OH =_100uA 

2.4 



V 

V 0L 


Output Low Voltage (Except X 

Out) (Note) 

lQL=1.6mA 



0.4 

V 

t dd 


V DD Supply Current 



40 

80 

mA 







Note: Output port 0T1 and 0T2 can sink large current. (Iq L .TYP.=20iiiA, 
V 0l =2.0V) ! 

While sinking large current, the output low voltage .(Vop,) limit 
is the following value. 

V V QL Max.-0.5V . (I 0L =1,6mA) ' 

AC CHARACTERISTICS Refer to TIMING WAVEFORMS (1). 


TA=-10°C to 70°C, V D p=5V + 10%., Unless Otherwise Noted. 


SYMBOL 

Parameter 

Test Conditions 

Min 

Typ. 

Max. 

Units 

t«So 

Clock Cycle Time 


2 


■ 5 

MS 

ts 

Input Set up Time 


0.9 


US 

t H 

Input Hold Time 


0.9 

. 



us 

tD 

Output Delay Time 

C L =55pF,R(Pull up) = 50Kf2,1TTL 



1.8 

MS 

fc INT 

INT Low Level Pulse Width 


4 



Clock Cycle 

tRST 

RST Low Level Pulse Width 


4 : 

' 1 


Clock Cycle 





INTEGRATED Cl RCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


TF1P4300C ELECTRICAL CHARACTERISTICS 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

11 em 

Rating 

V DD 

V DD Su PP 1 Y Voltage 

-0.5V to 7V 

VlN : 

Input Voltage 

-0.5V to 7V 

V 0UT1 

Output Voltage (Except Opei Drain Pins) 

-0.5V to 7V 

V 0UT2 

Output Voltage (Open Drain Pins) 

-0.5V to 10V 

x OUTl 

Average Output Current (Except OTl, 0T2) 

4 mA 

t 0UT2 . 

Output Current (OTl, 0T2) 

30mA 

PD 

Power Dissipation (TA=70°C) 

1W 

t solder 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

t stg 

Storage Temperature 

-55°C to 125°C 

Topr 

Operating Temperature 

-10 6 C to 70°C 


DC CHARACTERISTICS 


Parameter 

Input High- Voltage (Except INT, Xjyj) (Note) 
Input High Voltage (INT) 

Input Low Voltage 

Clock Input High Voltage (Xj^j) 

Clock Input Low Voltage (Xjn) 

Input Current (Except RST, INT) 

Input Low Current (RST, INT) 

Output Lead Current(0T0,0T1,0T2) 

Output High Voltage (A0-A10,CLK1) 

Output Low Voltage (Except Xqut) (Note) 

Vj}£ Supply Current 


Test Conditions Min. Typ. Max. 

2.2 ' V D D 

375 ^ 

_ _____ 

External Drive 3.8 V DD 

External Drive 0 0.6 

VlN=VDD 20 

V IN =0.6V -0.1 

VoUT=VDD 20 

IOH =_ 100uA 2.4 

IOL = l*CmA 0.4 

70 120 


Note: Output Port OTl and OT2 can sink large current. (IOL TYP.=20mA, 
Vql= 2.0V) While sinking large current, the Output Low Voltage 
(Vql) limit and the Input High Voltage (V^Hl) limit are the 
following values. 

Vql Max.=0.5V to 0.6V (lQL=i»6mA) 

Vjhi Min.=2.3V to 2.4V 













INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP4310AP TMP4315BP 
TMP4320AP TMP4300C 


AC CHARACTERISTICS 


Refer to TIMING WAVEFORMS (1) (2). 


mbol Parameter Test Conditions 

Clock Cycle Time 

g Input Set up Time 

H Input Hold Time 

D Output Delay Time C L =50PF,R(Pull up)=50kft ,1 TTL 

1NT INT Low Level Pulse 
Width 

rST RST Low Hevel Pulse 
Width 

CD Clock Output Delay C L =50PF, 1 TIL 
Time 

AD Address Output Cl=50PF, 1 TIL 

Delay Time 

Xs Instruction Input 
Set up Time 

XH Instruction Input 
Hold Time 

XDS ID Input Set up Time 

IDH ID Input Hold Time 


Min. 

Typ. 

Max. 

Units. 

2 


5 

MS 

0.9 



Us 

On 

d 



MS 



1.8 

US 

4 



Clock Cycle 

4 



Clock Cycle 



0.4 

US 



0.95 

US 

0.4 



us 

0 



US 

0.4 



US 

0.95 



US 





INTEGR ATEDCIRCUIT 


^oHuba 


fHi£ TECHNICAL DATA 


TIMING WAVEFORMS 



Output 



TMP4310AP TMP4315BP 


TMP4320AP TMP4300C 
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Note 1. This dimension is measured at the center of bending point of leads. 
2,.., Each lead pitch is 2.54mm, and all the leads are located within 
v <. . ..i0'.-2-5mm from their theoretical positions with respect to No. 1. and 


No. 28‘leads, ’ 4 •: ■' •;:•• 

(TMP4315BP/TMP4320AP) ' .j Unit in mm 



Note""!. This dimension is measured at the’.center of bending point of leads. 


■Cl. .Each' lda;d pitch is 2.54mm, and all the leads are located within 
1 \._ ! ^ : 0.,;25|rmijfrom their theoretical posltipns with respect to No. 1 
and No. 42 leads. 
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22.86 TYP . Note 1 


0.25+0.1 Note 3 


*1 


22. 9 - 25.9 


Note;. 1. This dimension is measured at the center of bending point of leads. 

2. Each lead pitch is 2.54mm, and all the leads are located within 

if). 25mm f rom their theoretical positions with respect to No. 1 and <=: 

No. 64 leads. n- 


3. The metal on the side of the package is GND Level 


TMP4320AP TMP4300C 
















INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP4310AP TMP4315BP 

TMP4320AP TMP4300C 


MASK ROM DATA TAPE FORMAT 

. I 1 - Leader 50 or more characters of "NULL" 


'COMMENT" 
(CIO (TD 
(PUNNNi) 

Ccr) (ED 


'COMMENT" 


N8; 

GSD COD 

RXXXX ; 

x xx Px» 

x xx p x ; 

x xx p x; 
Ccr) dD 


Comment When designated by mask option the characters of 
"MASK OPTION" are output with apostrophe. 


Outputs symbolic names of bits of output port or input/ 
output port to which pull-up resistors are connected. 


Outputs symbolic names of bits to which 
pull-up resistors are connected PUNNNi 
for all the bits of output port 

and input/output port which has _ 

been designated as mask option. 


Bit Name 

Port Name 


Comment Outputs six characters starting from the beginn¬ 
ing of character train defined by TTL statement 
of source program and two characters of serial 
number, with apostrophe. 

(When no TTL statement exist, six characters of 
space code and two characters of serial number 
are output.) 

Outputs "N8" which indicates that the data pattern is 8 bits 
long. (The program data follow this code.) 


Outputs the program start address following "R", in four 
frames of decimal ASCII code. 


Data and check sum of the > 
first address. 

Data and check sum of the 
second address. 

Data and check sum of the 
eighth address. 


X XX Px 



Number of data bits 
having "1" is output 

*—Data 

Two characters of eight 
bit data are output in 
two frames of hexadecimal 
ASCII codes. 











tfoSuha 


INTEGRATEDCIRCUIT 


HfSc TECHNICAL DATA 


TMP4310AP TMP4315BP 

TMP4320AP TMP4300C 


R xxxx ; 

x xx p x; 



Nineth program address. 

Data and check sum of the nineth address 

Outputs repetitively through the last data. 


$ 


Outputs symbol "$" to indicate the end of program data 


Trailer 50 or more characters of "NULL". 







SPECIFICATION OF TMP4310APL/TMP43-1OAPLL 


This specification is applied to TMP4310APL/TMP4310APLL, one of versions 
of TLCS-43. 

TMP4310APL/TMP4310APLL is the low power version of TMP4310AP. There are 
some differences in electrical characteristics between TMP4310APL/TMP4310APLL 
and TMP4310AP; however, their functions, instructions and pin connections are 
compatible. When using and examining TMP4310APL/TMP4310APLL, therefore-, it is 
recommended that this specification be used together with the technical data 
on TMP4310AP. ■ ; 

Main differences in electrical characteristics between,AP and A'PL/APLL 
are as follows: : ; 

1. Basic clock 

Internal oscillation (with resistance externally installed between Xjn and 
TEST) and external clock supply can be available. 

1.1 Frequency of external supply clock 

f=200kHz to 400kHz (APL) (V DD =5.5V + 20%, T opr =0°C to 55°C) 
f=50kHz to 200kHz (APLL) 

1.2 Internal oscillation frequency 

f=200kHz to 400kHz (APL, Rx=56kft) (V DD =5.5V + 20%, T opr =0°C to 55°C) 
f=110kHz to 200kHz (APLL, Rx=110kft) 

2. Low input voltage and clock low input voltage (at time of external supply) 

Vil MAX.=Vcl MAX.=0.55V (Vdd=5.5V + 20%, T opr =0°C to 55°C) 

3. High output voltage 

Voh MIN.=2.4V (V dd = 5.5V + 20%, T opr =0°C to 55°C, I OH =-50yA) 

4. Supply current 

IDD TYP.=30mA, I DD MAX.=45mA (APL) (V DD =6.0V, T opr =25°C) 

I DD TYP.=15mA, I DD MAX.=27mA (APLL) 

5. Pull up' resistance of RST and INT terminals is not contained. 
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TMP4310APL/TMP431OAPLL BASIC CLOCK 

The methods of generating and supplying the basic clock of TMP4310APL/ 
TMP4310APLL are as follows: 

(1) Internal oscillation 



The basic clock of TMP4310APL/TMP4310APLL 
can be obatined by connecting the resis¬ 
tance as shown in the left figure. 
(fosc=200kHz to 400kHz at Rx=56k^, APL) 

(fosc=110kHz to 200kHz at R x =110kfi, APLL) 


(2) Supply of external clock 



The basic clock of TMP4310APL/TMP4310APLL 
can be supplied from the external oscil¬ 
lation circuit as shown in the left figure. 
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INTEGR ATEDCIRCU1T 

TECHNICAL DATA 


TMP4 3 10APLMTMP4310APLL 


TMP4310APL/TMP431OAPLL ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATING 


SYMBOL 

ITEM 

RATING 

V DD 

Supply Voltage 

-0.5V to 7V 

VlN 

Input Voltage 

-0.5V to 7V 

V 0UT1 

Output Voltage (Except open drain terminal) 

-0.5V to 7V 

j VquT 2 | Output Voltage (Open drain terminal) 

-0.5V to 10V 

Tstg 

Storage Temperature 

Operating Temperature 

-55°C to 125°C 

Topr 

0°C to 55°C 

Tsld 

Soldering Temperature 

260°C (lOsec.) 


D.C 

CHARACTERISTICS(V D d= 

5.5V+20%, Topr=0°C to 55°C) Unless 

otherwise 

notec 

i. 

SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

VlHl 

Tnnut Hieh l < r “0.I00 

,101,102,RST) 

- 

2.2 

- 

VDD 

V 

VlH2 

Voltage ~ ( (INT) 


3.5 

- 

VDD 

V 

VlL 

Input Low Voltage 

- 

0 

_ 

0.55 

V 

V CH 

Clock Input High Vol 

tage (X IN ) 

External clock 

3.8 

- 

VDD 

V 

V C L 

Clock Input Low Voltage (Xjn) 

supply 

0 

- 

0.55 

V 

I INI 

Input Current (IN0,RST,INT) 

VlN = VDD 

- 

- 

20 

yA 



Open Drain 

V IN = Vdd 

- 

- 

o 

CM 

pA 

IlN2 

(100, 101, 102) 

Pull Up 

- 

- 

- 

- 

- 


Input Low Current 

Open Drain 

- 

_ 

- 

- 

- 

1 1 LI 

(100, 101, 102) 

Pull Up 

V T N = 0.55V 


- 

-1.6 

mA 



Open Drain 

VOUT = Vdd 


- 

20 

pA 

Jlo 

(0T0, 0T1 ) 

Pull Up 

- 

- 

- 

- 

- 



Open Drain 

- 

- 

- 

- 

- 

VOH 

Output High Voltage 

Pull Up 

IOH = -50hA 

iX\ 

- 

- 

V 

VQL 

Output Low Voltage 

IOL ~ 1•6mA 

- 

- 

0.4 

V 


__ „.1 _ apl 

Vdd= 6.0V, Ta=25°C 

- 

30 

45 

mA 

r DD 


APLL 


15 

27 

mA 


Pull-Up resistance of RST and INT terminals is not contained. 

Low output voltage: It is possible that output port OT1 sinks large output 

current Iql Tvp.=20mA (Vol = 2V) for each pins. At the time 
when 0T1 sinks large output current, low output voltage (VOL) 
becomes VQL Max.-^O.5V (I0L = 1 • 6mA) . 







A. C. CHARACTERISTICS (Vdd= 5.5V+20%, T O pr=0°C to 55°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNI 

T 


Clock Cycle Time 

External clock 

APL 

2.5 

- 

5.0 



t <\>0 

supply 

APLL 

5 

- 

20 

M 





APL 

APLL 

0.9 

- 

- 

Me 


ts 



1 .8 

- 

- 

M 



Input Hold Time 

1_ __ _ . .. _ __ _ _ 


APL 

0.9 

- 

- 

U 


tH 


APLL 

1 .8 

- 

- 

|| 




C L =50pF, R(Pul 1 

APL 

- 

- 

1 .8 ~ 

1JS 


t D 

Output Delay Time 

up)=50k^, 1TTL 

APLL 

‘I 1 

- 

T.T" 



tlNT 

1NT Low Level Pulse Width 

- 

4 

_ 

- 

Cyc 


t RST 

RST Low Level Pulse Width 

- 

4 

- 

- 

Cyc 


f 

Internal Oscillation 

R =56kQ APL 

200 

- 

400 

kH 


L osc 

Frequency 

R =11 OkO, 

APLL 

1 10 

- 

200 

kH 






























INTEGRATEDCIROJIT 

ms 

TECHNICAL DATA 


TMP4321AP 

TOSHIBA MOS Digital Integrated Circuit 
Silicon Monolithic 

N-channel Silicon Gate Depression Load 


GENERAL DESCRIPTION 


TMP4321AP is one version of single-chip microcomputer TLCS43 series processed 
with NMOS. 


Since TMP4321AP can make periodic interrupt gained by dividing the CPU clock 
to 512 or 1024 using the built-in prescaler, it is most appropriate for com¬ 
puter control, such as sequence control. 

Refer to the technical data of TLCS43 when using or considering TMP4321AP. 


FEATURES 


o Software compatible with TLCS43 series 
o ROM capacity: 2048W x 8 Bits 

o RAM capacity: 128W x 4 Bits 

o Instruction executing rate: 4 ys 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


Input ports: 3x4 Bits 
Input/output ports: 2x4 Bits 

Output ports: 3x4 Bits 
1x3 Bits 

Interrupt level: 1 level (Interrupt by timer) 

Subroutine nesting: 4 levels (including interrupt 
level) 

ROM data readout instructions 
I/O level:- TTL compatible 

Ports available for large current output: 2x4 Bits 

+5V single power operating (operating voltage 

mhfgin: 5V ± 10%) 

Operating temperature range: -10 ^70°C 


PIN CONNECTIONS 



88 


^oSuba 


INTEGRATED CIRCUIT 


TMP4321AP 


TECHNICAL DATA 


TIMER INTERRUPT 


The following figure shows the configuration of timer interrupt circuit 
of TMP4321AP. 


INTERNAL TIMING CLOCK 



I SELECTIVE TIMER OPTION 


As shown in the above figure, interrupt is not caused by external source via 
INT pin, but it is only caused by the output divided by the built-in prescaler. 
The INT pin is usually set to "H" level (open) by. the pull-up resistor, but 
it is not connected with the internal circuit. 


Assignment of selective timer option is as follows : 

(1) Option INTDV7 is interrupted at —£~r~ x 512 (S) cycle (Q7) . 

(2) Option INTDV8 is interrupted at — x 1024(S) cycle (Q8) . 

(Refer to "Mask Option Assignment"in the technical data of TLCS43 for 
further details.) 


The relation between timer interrupt and reset is 
shown in the following figure. 


RST INPUT_ 

TIMER 

INTERRUPT 

PULSE 



T INTERRUPT CYCLE BY OPTION ASSIGNMENT' 


Initial interrupt occurs at T/2 interval after the RST 
input is released, and then repeatedly occurs by every 
T cycle. 


MASK ROM DATA TAPE FORMAT 


'comment' 

© © 


COMMENT 


( FUNNNI) 

@> © 


PULL-UP 

RESISTOR 


(INTDV7) 

or 

(INTDVs) 
(CR) © 

1 comment 1 

© © 
n 8 : 

© © 


TIMER 

COMMENT 

MASK 

PATTERN 
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Toshiba 



INTEGRATEDCIRCUIT 


TMP4321AP 


TECHNICAL DATA 


BASIC CLOCK 


The following are four methods to generate and supply the basic clock pulse in 
the TMP4321AP. 

(1) Direct connection of crystal oscillator 


| X IN | 


XOUT 


HOh 


JC IN Cqut 


When a crystal oscillator has been connected 
to TMP4321AP as shown in the left figure, 
the basic clock pulse is generated at the 
frequency inherent in the crystal oscillator. 
Recommendations for Cin and CoUT 
C IN =C OUT =60 P F ( f OSC ~ SOOKHz) 


(2) Direct connection of ceramic oscillator 


| x IN | | Xqu T | 


ini. 

r C 0 UT 

ILJI 

= °IN = 


When a ceramic oscillator has been connected 
to TMP4321AP as shown in the left figure, 
the basic clock pulse is generated at the 
frequency inherent in the ceramic oscillator. 
Recommendations for Cjjq and Cqut 

c in =c out =100 p f (fosc ~ 500KHz ) 


(3) Direct connection of IFT 



(4) Supply of external clock 


When a IFT has been connected to TMP4321AP as 
shown in the left figure, the basic clock 
pulse is determined according to the 
circuit constant. 

Recommendations for and Cq^ 
G IN =c OUT= 100 P f < f OSC 500 KHz) 


XlN 


X OUT 


OSCILLATING 

CIRCUIT 


rrr 


The basic clock pulse of TMP4321AP can be 
supplied by an external, oscillating circuit 
as shown in the left figure. 
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^/ 06 hlha 


INTEGRATEDCI RCUIT 


TECHNICAL DATA 


TMP4321AP 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Supply Voltage 

-0.5 v 7 

V 

VlN 

Input Voltage 

-0.5 ^ 7 

V 

v OUTl 

Output Voltage (except open drain terminal) 

-0.5 'v, 7 

V 

VOUT2 

Output Voltage (open drain terminal) 

-0.5 ^10 

V 

10UT1 

Output Current (except 0T1, 0T2) 

4 

mA 

I0UT2 

Output Current (OT1, OT2) 

30 

mA 

Tstg 

Storage Temperature 

-55 'v, 125 

°C 

Topr 

Operating Temperature 

o 

c 3 

O 

1 

°C 

Tsld 

Solder Temperature 

260 (10 sec.) 

°C 

Pw 

Power Dissipation (Ta = 70°C) 

850 

mW 


D.C. ELECTRICAL CHARACTERISTICS ( V DD = 5V*10%. Topr = -1Q^7Q°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

VIH1 

Input High Voltage (INO,INI,IN2,IOO,IOl, rst) 

- 

2.2 

- 

VDD 

V 

V IH2 

Input High Voltage (INT) 

- 

3.5 

- 

VdD 

V 

VlL 

Input Low Voltage 

- 

0 

- 

0.6 

V 

VCH 

Input High Clock Voltage (Xin) 

- 

3.8 

- 

VDD 

V 

VCL 

Input Low Clock Voltage (XlN) 

- 

0 

- 

0.6 

V 

UNI 

Input Current (INo, INI, IN2) 

VlN = VdD 

- 

- 

20 

UA 

IIN2 

Input Current (100, IOl) 

Open Drain 

VIN = VDD 

_ 

_ 

20 

yA 

Pull Up 

- 

- 

- 

- 

- 

IlLl 

Input Low Current (100, IOl) 

Open Drain 

_ 

_ 

_ 

_ 

_ 

Pull Up 

VlN = 0.6V 

- 

- 

-1.6 

mA 

HL2 

Input Low Current (RST, INT) 

VlN = 0.6V 

- 

_ 

-0.1 

mA 

ILO 

Output Leak Current 

Open Drain 

VOUT = VDD 

- 

- 

20 

yA 

Pull Up 

- 

- 

- 

- 

- 

VOH 

Output High Voltage 
(except XOUT) 

Open Drain 

_ 

_ 

_ ■ 

_ 

_ 

Pull Up 

lOH =-100yA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage (except XoUT) 

IOL = 1.6 mA 

_ 

_ 

0.4 

V 

IDD 

Supply Current 

- 

- 

40 

80 

mA 


Output Low Voltage : Output large current IOL TYP.=20mA (VOL=2V) is made possible by output 
ports OT1, OT2. When output large current sinks, output low voltage 
becomes VQL MAX.~0.5V(IOL=1.6mA) . 


A.C. ELECTRICAL CHARACTERISTICS (VDD = 5V±10%, Topr = -10v70°C) Refer to Timing Chart. 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

E7o 

Clock Cycle Time 

- 

2 

- 

5 

ys 

ts 

Input Setup Time 

- 

0.9 

- 

- 

ys 

tH 

Input Hold Time 

- 

0.9 

- 

- 

yS 

tD 

Output Delay Time 

C.L=50pF, R(Pull 
Up)=50kft,lTTL 

- 

- 

1.8 

yS 

INT 

INT (Low Level Width) 

- 

4 

- 

- 

Cycle 

tRST 

RST (Low Level Width) 

- 

4 

- 

- 

Cycle 
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^ 06 hiba 


INTEGR ATEDCIRCUIT 


TMP 4 3 2 1AP 


TECHNICAL DATA 


TIMING CHART 



EXTERNAL VIEW OF PACKAGE (Plastic Package) 

Unit: mm 

42 4140 39383V 36 35 3433 32 3130 2928 2V 26 2524 23 22 



Note 1. The dimension of this external view indicates the lead bending center 

| 

Note 2. Lead pitch is 2.54mm and tolerance is ± 0.25mm against theoretical 
center of each lead that is obtained on the basis of No.l and 


No.42 leads. 




INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP4399C 

TOSHIBA MOS Digital Integrated Circuit 
Silicon Monolithic 

N-channel Silicon Gate Depletion Load 


DESCRIPTION 

TMP4399C is a single-chip microcomputer for evaluation, provided with 
the general purpose 16K EPROM (TMM323D) inserting socket, being capable of 
developing and checking hardware and software of TLCS-43 Application System 
by use of the EPROM. 

TMP4399C is equipped with a 24-pin socket which may directly mount the 
general purpose 16K EPROM (TMM323D) on the surface of the package. There¬ 
fore, when the fixed program written in the general purpose 16K EPROM is 
mounted on the package, TMP4399C becomes pin-compatible with TMP4315BP/ 
TMP4320AP as the end product which the program has been written in the mask 
ROM. The former operates the same as the latter. 

TMP4399C can be used within the range of a microcomputer for evaluat¬ 
ing the TLCS-43 system as well as for mounting an equipment made on an ex¬ 
perimental basis. 


PIN CONNECTIONS 


FEATURES 

o General purpose 16K EPROM TMM323D 

(equivalent to INTEL2716) can be used. 

o Compatible with TLCS-43 single-chip 
microcomputer family TMP4315BP/ 

4320AP in pin. 

o Compatible with TLCS-43 Series in 
software. 

o ROM 2KW x 8 BIT RAM 128W x 4 BIT 

o Can be operated by +5V single power 
supply. Voltage margin is+10% equal 
to that of mass-produced products. 

o Operating temperature range is -10 ^ 


TEST 

IN0 0 

INOi 

ino 2 

ino 3 

oto 0 

OTO x 

OTOg 

0T0 3 

OTIq 

OTli 

oti 2 

0T1 3 

OT2 0 

OT2 x 

OT2 2 

OT2 3 

0T3 0 

OT3! 

0T3g 

GNU 


70°C equal to that of mass-produced products. 




m~3 v-d-d 

141 □ IN1 0 
140 □IN1 1 
139 □iNlg 




[38 

□ 

IN1 3 



',37 

□ 

IN2 0 



[36 

□ 

IN2]_ 



'35 

l 

□ 

IN2g 



[34 

□ 

IN2 3 

<1 

0 

0 

24 

6> 3 

□ 

10 1 0 

A8 

23 

Oi32 

□ 

10 l x 

A9 

22 

O! 31 

□ 

1012 

<1 

% 

21 

o" 30 

□ 

I01 3 

CS 

2 

p 29 

□ 

ioo 0 

A 10 

19 

O 28 

□ 

IOOx 


O 1 A7 

02 A6 
03 A5 
O^ A4 
05 A3_ 

O 6 A2 | 

O'? A1 JED/ 7 IQM18 Q 27 
08 AO j D7 i7 _ 0 26 
Q9 DO D 6 
QtD DU D 5 
OH D2| D 4 


_ 21 _j r O 12 °ND D 3 


16 O 25 
15 O 24 
14 O 23 
13 O 22 


□ IOO 3 

□ ioo 3 

□ x 0UT 
3 X IN 

□ RST 

□ T¥t 


(Note) O • 


Socket for 
TMM323D 


93 





^oSuba 


INTEGRATED CIRCUIT 


TMP4399C 


m 



TECHNICAL DATA 


PRECAUTIONS FOR USING TMP4399C 

1. Precautions for using OT3 Output Port 


The output port and input/output port of TLCS-43 are composed as 
shown in the following figures. 

(OUTPUT PORT) 



INTERNAL BUS' 


(INPUT/OUTPUT PORT) 



D 


TLOS- 

•43 

rr. _. j 

L 


j GATE | | LATOH/DRIVER | 


E__ff 


INTERNAL BUS 


Therefore, when the circuit which clamps the output voltage level 
is connected directly to the outside of terminal, if the output data is 
referred to by the program, for the output port such data can be normally 
read, but for the input/output port erroneous data may be read unless 
the voltage level can be ensured as an input signal by the clamp circuit.' 
For the purpose of reading correct data, it is necessary to separate 
the terminal from the clamp circuit by the buffer circuit. 

The output port 0T3 of TMP4399C serves as an input/output port owing 
to the configuration of the chip. In case of the system using TMP4315BP 
or TMP4320AP, therefore, if the output data of 0T3 Port must be referred 
to by the program, care should be taken that the circuit which clamps 
the output level may not be connected directly to 0T3 Port at the stage of 
development where TMP4399C is used. 
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(ACTUAL APPLICATION CIRCUIT) ( BUFFER CIRCUIT ) 



2. Precautions for using large output current 

In case of TMP4399C, each terminal of the output port 0T1 and 0T2 
may sink large output current IOL =20mA TYP. (VOL =2V) when there ports 
sink large output current, a part of the DC electrical characteristics 
is changed. Attention should be paid to the main characteristics that 
the high input voltage of Vjjjj and the low output voltage of Vql at 
every terminal to be applied will become the valurs shown as follows: 

v IHi MIN. % 2.3 2.4V 

Vql MAX. 0.5 0.6V (Iql = 1.6mA.) 

The maximum rating of large output current is 30 mA. 
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c tfo3uba 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4399C 


ELECTRICAL CHARACTERISTICS 


Symbol 

CHARACTERISTICS 

RATING 

UNIT 

VDD 

Supply Voltage 

-0.5 ^ 7 

V 

VlN 

Input Voltage 

-0.5 ^ 7 

V 

V 0UT1 

Output Voltage(excepting open drain terminal) 

-0.5 ^ 7 

V 

V0UT2 

Output Voltage(Open drain terminal) 

o 

i— i 

e 

in 

o 

i 

V 

I0UT1 

Output Current(Excepting OT1, 0T2) 

4 

mA 

1QUT2 

Output Current (0T1, OT2) 

30 

mA 

T stg 

Storage Temperature 

-55 ^ 125 

°C 

Topr 

Operating Temperature 

-10 ^ 70 

°C 

Tsld 

Soldering Temperature 

260(10 sec.) 

°C 

PW 

Power Consumption (Ta =70°C) 

1 

W 


D.C. ELECTRICAL CHARACTERISTICS (VdD = 5V + 10%, T opr =-10'WO°C) 


Symbol 

CHARACTERISTICS 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

VlHl 

Input High V. (excepting INT,Xin) 

- 

2.2 

- 

vdd 

V 

VIH2 

Input High Voltage (INT) 

- 

3.5 

- 

vdd 

V 

Vil 

Input Low Voltage 

- 

0 

- 

0.6 

V 

VCH 

Clock Input High Voltage ( x IN) 

- 

3.8 

- 

vdd 

V 

VCL 

Clock Input Low Voltage ( X IN) 

- 

0 

- 

0.6 

V 

Tin 

Input Current(excepting RST, INT) 

vin = vdd 

- 

- 

20 

pA 

TlL2 

Input Low Current (RST, INT) 

Vin = 0.6V 

- 

- 

-0.1. 

mA 

ILO 

Output Leak Current(OTO,OT1,0T2) 

VOUT = VDD 

- 

- 

20 

pA 

VOH 

Output High Voltage (A0 ^Aio) 

X 0H = -TOOyA 

24 

- 

- 

V 

V 0 L 

Output Low V. (excepting x 0UT) 

IOL = 1.6 mA 

- 

- 

0.4 

V 

TDD 

Supply Voltage 

- 

- 

70 

120 

mA 


[Operation of Evaluator Chip] Refer to the paragraph entitled "Precautions 


for Using Large Output Current". 
Refer to timing charts (1) and (2). 


A.C. ELECTRICAL CHARACTERISTICS (Vdd =5V ± 10%, T opr =_io v70°C) 


Symbol 

CHARACTERISTIC 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t^0 

Clock Cycle Time 

- 

2 

- 

5 

ps 

ts 

Input Setup Time 

_ 

0.9 

- 

- 

ps 

tH 

Input Hold Time 

- 

0.9 

- 

- 

PS 

tD 

Output Delay Time 

C L =50PF 

R(Pull UP) =50kft, 1TTL 

- 

- 

1.8 

ps 

tINT 

INT Low Level Width 

- 

4 

- 

- 

Cycle 

tRST 

RST Low Level Width 

- 

4 

- 

- 

Cycle 

tCD 

Clock Output Delay Time 

CL = 50PF, 1TTL 

- 

- 

0.4 

ps- 

tAD 

Address Output Delay Time 

CL = 50PF, 1TTL 

- 

- 

0.95 

PS 

tis 

Instruction Input Setup Time 

- 

0.4 

- 

- 

PS 

tlH 

Instruction Input Hold Time 

- 

0 

- 

- 

ps 
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4BIT SINGLE CHIP MICROCOMPUTER 


TLCS- 46A(CM0S) 




”c 2 mos" digital integrated circuit 

TCPA620AP 
TCP4630AP 

SILICON MONOLITHIC 

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 

TLCS-46A is a C 2 MOS high speed and low power 4-bit single chip micro¬ 
computer for consumer applications. 

A single and integral microcomputer has been composed of a 4-bit 
parallel arithmetic and logical unit (ALU), accumulator (AC), program 
memory (ROM), data memory (RAM), input/output ports, clock generator, and 
divider incorporated. 

TLCS-46A Family consists of two kinds of chips having different ROM/ 
RAM capacities for mass production and evaluator for system development. 
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FEATURES 

o TCP4620AP 

2048 x 8 ROM 
96 x 4 RAM 
34 I/O Lines 

o TCP4630AP 

3072 x 8 ROM 
160 x 4 RAM 
34 I/O Lines 

o TCP4600AP 

Evaluator Chip 
for TLCS-46A 


o Low Power Dissipation by 
Employment of C2M0S Process 

Typical Supply Current : 400yA 

(at 400 kHz Basic Clock) 

o Single 5V Supply 

Wide Operating Range : 3V to 6V 

o Wide Operating Temperature Range: -30°C to 85°C 

o 52 Instructions 

46 One Cycle Instructions 
6 Two Cycle Instructions 

o Single Level Subroutine Nesting 

o Single Level External Interrupt 

o lOps Instruction Execution Time 

o PLA and Decode Matrix for Display Operation 

o Many Kinds of Mask Options for Optimum 
Application Systems 
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PIN CONNECTIONS (TOP VIEW) 


P 03 

P 02 
Poi 
P 00 

Pl3 

P 12 

PlX 

Pio 

P0 67 
P0 66 
P0 65 
P 0 6 !* 
P0 63 
P0 62 
P0 61 
P0 6O 
P0 5i , 

po 53 

P0 52 

P0 51 

GND 


PIN NAMES 8 PIN DESCRIPTION 


Pin Name 

Input/Output 

Function 

P 03 - Poo 

Input/Output 

4-bit general purpose I/O port (I/O is 

designated by a program). 

P 13 — P 10 

Output 

4-bit general purpose output port. 

P 2 3 ~ P 2 0 

^ Input or Output 

1 Input/Output is 

P 1* 3 — P 1* 0 

Input or Output 

4-bit general purpose designated by mask 

Input/Output port J options. 

PO -PO 

5 u 50 

_ _ 

Output 

5-digit output port for display. (Can be 
used as the general purpose 5-bit output port) 
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Pin Name 

Input/Output 

PO67- p °60 

Output 

PI53-PI50 

Input 

PI 60 

Input 

RESET 

Input 



INT 

Input 

XlN 

Input 

XOUT 

Output 

CK 

Output 




TCP4620AP 

TCPA630AP 


Function 

8~segment output port for display (can be 
used as the general purpose 8-bit output port) 

4-bit general purpose input port. 

1-bit general purpose input port (with a 
internal Schmitt circuit). 

Initialize signal input (with a internal 
Schmitt circuit). 

Interrupt request signal input (with a inter¬ 
internal Schmitt circuit). 

Oscillator connecting terminal 
Oscillator connecting terminal 
External timing output 

LSI test signal input, used by connecting 
to GND 


Power supply 





















TCP4620AP 

TCP4630AP 


FUNCTIONAL DESCRIPTION 

[SYSTEM CONFIGURATION] 

TLCS-46A consists of the following elements. 

1 . BASIC ELEMENTS 

(1) Arithmetic and Logical Unit (ALU) 

(2) Accumulator (AC) 

(3) Status Register (ST) 

(4) H Register (HR), L Register (LR), Y Register (YR), Y Register Flag 
(EYR) 

(5) Port (P), Port Register (Register) 

(6) Internal Bus (IBUS) 

(7) Data Memory (RAM) 

(8) Program Memory (ROM) 

(9) Program Counter (PC) 

(10) Stack (STK), Stack Flag (FSTK) 

(11) Instruction Register (IR), Instruction Decoder (IDEC) 

(12) Clock Generator (OSC) 

(13) Divider 

(14) Timing Generator (TG) 


(1) Arithmetic and Logical Unit (ALU) 

ALU performs the principal function 
involved in the data processing of 
TLCS-46A, and consists of 4-bit 
binary parallel arithmetic circuit. 


One of the inputs of the arithmetic 
and logical unit is the accumulator 
or the status register, and another input is the internal bus, ai 
the result of operation is output to the internal bus and at the 
same time, carry (barrow) and zero are detected. 



^Q6hiba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


104 




^oSuba 


INTEGRATEDCIRCUIT 



TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


(2) Accumulator (AC) 

The accumulator is a 4-bit register that temporarily stores data 
for arithmetic process, arithmetic result and data from/to the 
input/output ports. 

(3) Status Register (ST) 

The status register is a 4-bit register having a meaning per bit, 
and is called H flag, D flag, C flag and Z flag in that order from 
LSB side. 


(MSB) 



(LSB) 

3 

2 

1 

0 

Z 

C 

| D 

H 


(T) Zero Flag (Z) 

The zero flag (Z) is set to "1",if the result generated by certain 
instructions is zero. 

The zero flag is cleared, if the result is not zero. 

Further, z flag is used not only for judgement of zero but also 
as a branch condition for program flow. 

© C Hag 

When an instruction indicating update is executed, C flag is set at 
"1" if carry is resulted at time of addition and increment, and at 
"0" if no carry is resulted. 

Further C flag is also set at "0” when borrow is resulted at time of 
substruction and at "l" when no borrow is resulted. 

C flag is used for judging size of data and for multiple digit 
arithmatic operation. 
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(D D Flag 

D flag is used by a program as an input/output designating signal of 
the input/output port (Po) . When D flag is "0", the input/output 
port serves as the input port and when D flag is "1", it serves as 
the output port. 

When the input/output port is used exclusively as the output port 
(specified by mask option), D flag becomes the general purpose flag 
bit that can be optionally used by user. 

D flag is reset at "0" by the initialize operation. 

© H Flag 

H flag is used as a control signal for hold operation. When "1" is 
set on H flag, the timing generator is placed in hold mode and the 
operation is held suspensed. The restart from the hold mode is ac¬ 
complished by resetting H flag at "0" in the hardware processing, 
and after released from the hold mode, the process that was held sus¬ 
pended prior to the hold operation is resumed. However, interrupt 
request is not accepted under the hold operation. 

When the hold operation is not used (specified by mask option), H 
flag becomes a general purpose flag bit that can be optionally 
used by user. 

H flag is reset at "0" by the initialize operation, 

(4) H Register (HR), L Register (LR), Y Register (YR), Y Register 
Flag (EYR) 

H register and L register are 4-bit registers and function as an 
address pointer of the data memory (RAM) or a general purpose 
register. 


106 


{/odfuba 


INTEGRATEDCIROJIT 



TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


When H register and L register are used as an address pointer of 
the data memory, H register represents high order 4 bits of an ad¬ 
dress and L register represents low order 4 bits, and they designate 
an address space of total 8 bits (256 words). Therefore, when 16 
words in the address space of the data memory are expressed as one 
page, H register designates a page address and L register designates 
an address in the page. 

When an undefined region without data memory is read with H register 
and L register used as address pointers of the data memory, the data 
memory contents are regarded as being undefined. Further, data 
write into an undefined region should be avoided. 

Y register is a 4-bit register and functions as an address pointer 
in page 0 of the data memory or a general purpose register. 

Y register flag is an 1-bit flag that shows as to whether H register 
or L register is used as an address pointer of the data memory. 

When Y register flag is "1" (EYR=1), Y register is selected as an 
address pointer of the data memory, and when Y register flag is 

"0" (EYR=0) rt H register and L register are selected as address 
pointers. 

Y register flag is set at "l" by the execution of Y register data 
setting instruction. And Y register flag is cleared at "0" by the 
execution of the instruction which does not set data to data memory. 
Further,while Y register flag is set at "l",-it is kept in interrupt 
disabled (waiting) state. 

Y register flag is reset at "0" by the initialize operation. 

(5) Port (P), Port Register (Register) 

TCP4620AP/TCP4630AP is provided with a total 34 ports; input port, 
output port, input output port, and input/output port. 
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When a port is used as input, it is processed as non-latch input, 
and therefore, it is necessary to hold external input data till 
completion of read-in. 


When a port is used as output, output data is set in the port re¬ 
gister by an instruction and contents of this prot register are 
output. On some ports it is possible to read contents of the port 
registers by an instruction. 


Further, the port register is reset at "0" by initialize operation. 
In addition, the input level is compatible with CMOS, and the output 
level is compatible with CMOS/TTL. 


Internal 



Internal 

-bus 


Gate 


7T 




TLCS-46A 





General purpose output General purpose input 

port configuration port configuration 


Port Configuration 


Port Name 

Symbol 

Pin Name 

Register 

Number 

Port 

Function 

Remarks 

Input Out- 

Put port 

Po 

P 0 3 ~ Poo 

0 

Input out¬ 
put port 

Control designating of I/O by D flag. 

This port can be specified as an ex¬ 
clusive use output port by mask option. 
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Port Name 

Symbol 

Pin Name 

Output 

Port 

Pi 

P1 3 ~ P1 0 

I/O Port 

P 2 

P 2 3 ~ P 2 0 

I/O Port 

Pa 

P A 3 " P A 0 

Key Input 

Port 

Pis 

PI5 3 ""Pl 50 

Digit 

Output 

Port 

P 0 5 

P 0 5 *-P 0 5 o 

Input Port 

Pie 

Pleo 

Segment 

Output 

Port 

po 6 

P 0 67 —P 06 0 





Register Port 
Number Function 


General purpose output port. Con¬ 
tents of registers can be read by 
an instruction. 


Input/output is specified by mask 
I/O port option. Contents of registers can 
be read by instruction at the output 
, . mode. 


I/O port 


Output 

port 


General purpose input port with a 
15Typical ) resistor. (Pull- 
up/down can be specified by mask 
options). 

Digit output port for dynamic dis¬ 
play. Can be specified as a gen¬ 
eral purpose output port by mask 
options. 

General purpose input port. 

8-segment output port for dynamic 
display. Can be specified as a 
general purpose output port by 
mask options. 
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Generalization of Segment Output Port (Sepcified by Mask Options) 


Port Name 

Symbol 

Pin Name 

Register 

Number 

Port 

Function 

Remarks 

Output 

Port 

P0 6 

P0 6 3 ~ P 0 6 0 

6 

Output 

port 

General purpose output port. 

Output 

Port 

P 0 7 

PO73 PO70 

7 

Output 

port 

General purpose output port. 


© Port 0 (Po) 

Port 0 is a 4-bit general purpose input/output port. This port is 
selected when Register 0 is specified in an instruction. 

Input/output designation is made by D flag of the status register. 

When D flag is "0", this port becomes the input and when D flag is 
"1", it becomes the output and output the content of Register 0. 

Port 0 can be used as an exclusive output port by mask options. 

(D Port 1 (Pi) 

Port 1 is a 4-bit general purpose output port. This port is 
selected when Register 1 is specified in an instruction and the 
content of Register 1 is output. 

Further, the content of Register 1 can be read by an instruction. 

(D Port 2 (P 2 ), Port 4 (P 4 ) 

Port 2 and Port 4 are 4-bit input/output ports that can be specified 
as either input or output by mask options. When Register 2 and Re¬ 
gister 4 are specified in an instruction, Port 2 and Port 4 are 
selected, respectively. 
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In specifying input or output in a mask option, the following 
combination is possible. 

(a) p2/F/, P4/F/-Port 2 and Port 4 as output. 

(b) P2/F/, P4/3/-Port 2 as output. 

High order 2 bits (P43,P42) of Port 4 as 
input, low order 2 bits (P41, P40) as 
output. 

(c) P2/0/, P4/F/-Port 2 as input. 

Port 4 as output. 

(d) Specify P2/0/, P4/3/-Port 2 as input. 

High order 2 bits (P43,P42) of Port 4 as 
input low order 2 bits (P41, P40) of Port 
4 as output. 

(e) Specify P2/0/, P4/0/-Port 2 and P4 as input. 

Further, in case of input bits these ports operate as non-latch 
inputs, and in case of output bits they operate functionally same 
as in Port 1. 

(4) Output Port 5 (PO 5 ) 

Output Port 5 is a 5-bit output port with the purpose of digit 
data output in dynamic display. 

When an instruction for writing data in Register 5 is executed, 
4-bit data on the internal bus is converted into 5-bit data by 
the decoder matrix, this data is written into the 5-bit Register 
5 and further, output to Port 5. 

User is able to specify the content of the decode matrix optionally 
by mask options. 
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Further, the content of Register 5 cannot be read by an instruction. 



(j) Input Port 5 (PI 5 ) 

Input Port 5 is a 4-bit input port. This port is selected by 
a Read Register 5 instruction. 

Input Port 5 is equipped with a 150kfi( Ty'p'.) input resistor, 
and the pull-up/down is specified by mask options. 

( 6 ) Output Port 6 (POft), Output Port 7 (PO 7 ) 

Output Port 6 is a 8 -bit output port for segment data output in 
dynamic display. 

When an instruction for writing data in Register 6 is executed, a 
output data is read from 16 words x 8 bits PLA with a 4-bit data on 
the internal bus used as an address, this output data is written 
into the 8 -bit Register 6 , and output to Port 6 . 
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User is able to specify the content of PLA optionally by mask 
options. 

Further, it is possible to specify and use output Port 6 as two 
4-bit general purpose output ports by mask options. i n this 
case, the 8 -bit output port is split into high order 4 bits and 
low order 4 bits, and the high order 4 bits are assigned to output 
Port 7 (Register 7) and low order 4 bits to Output Port 6 
(Register 6 ). 

The contents of Register 6 (and Register 7) cannot be 

read by an instruction. 

Internal 

bus 


Output 
l port 6 
j (or Output 
port 7) 

Output 
port 6 

/ 


(?) Input Port 6 (Pl6)s Counter Buffer 

Input Port 6 is the input port of 1 terminal (PI 6 q)» but internally 
it is treated as a 4-bit data in combination with 3 _ bit data that are 
output from the divider (refer to Item for Divider). 
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The read circuit which reads this 4—bit data is called Counter 
Buffer/Input Port 6 or Counter Buffer simply. This counter buffer 
is selected by a Read Register 6 instruction and processed as 4-bit 
parallel non-latch input as in other input ports. 

The bit configuration of the counter buffer is such that external 
input from PI60 terminal is connected to LSB side 1 bit and out¬ 
put from the divider is connected to MSB side 3 bits. 

Further, the output stage of the divider to be connected is 
specified by mask options, but is fixed by a combination of an 
oscillator to be used and internal basic frequency. (Refer to 
Item for Divider.) 

A Schmitt circuit and a timing shaping shift register are con¬ 
nected to PI60 terminal, which therefore cannot be operated at 
frequency above the internal basic clock frequency. The 
internal signal from the input terminal is subject to a time delay 
of maximum. 


_3_ 

Internal basic frequency x 2 


(sec.) 


(6) Internal Bus (IBUS) 

Ihe internal bus consists of 4 bits, connects various registers 
and blocks such as the accumulator, status register, data memory, 
H register, L register, Y register, port register, ALU, etc., and 
data to be processed and data of process result are transfered 
through the internal bus. 

(7) Data Memory (RAM) 

TLCS-46A Family has the following internal data memories in order 
to store user’s process data. 
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(TCP4600AC 


Capacity 


96 words x 4 bits 
160 words x 4 bits 
160 words x 4 bits) 


The data memory consists of the static memory cells. 

Addressing of the data memory is executed by contents of H re- 
gister/L register or Y register. 


TCP4620AP 

X dress HU 

FEDC B A 9 876 34 3210 


ran 2 


TCP4630AP/ (TCP4600AC) 

\ Address , |LR | 

Page \ FEDC BA 987 654 3210 


portion can be referred by 


Y register. 


Addressing of Data Memory 
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(8) Program Memory (ROM) 

TLCS-46A Family has the following internal program memory 
in order to store user's process programs. 


Type 


Capacity 


TCP4620AP 

TCP4630AP 

(TCP4600AC, 


2048 words x 8- bits 
3072 words x 8 bits 
No internal ROM) 


The program memory addressing is executed by the program counter 
(PC). Inherent meaning is given to Addresses 0 and 2 

by the hardware, normal user process programs are place in Ad¬ 
dress 4 and subsequent addresses. 


Further, the program counter consists of 12 bits and is capable 
of directly specifying addresses up to 4095, however, data in an 
undefined region having no program memory loaded becomes unstable. 


TCP4620AP 


TCP4630AP 
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(9) Program Counter (PC) 

The program counter consists of a 12-bit binary counter, adds 
count increment at every instruction fetch, and makes the ad¬ 
dressing of a program memory in which an instruction to be ex¬ 
ecuted. 

When a branch instruction, an interrupt operation, or subroutine 
instruction is executed, the contents of the program counter ate 
changed. 

Addresses 0 and 2 are compulsorily set in the program counter by 
a initialize signal and an interrupt request signal, respectively. 

(10) Stack (STK), Stack Flag (FSTK) 

The stack is used for temporary evacuation of the contents of 
the program counter when an interrupt request is accepted or a sub¬ 
routine is to be executed. 

The stack flag is a flag indicating whether the contents of the 
program counter have been evacuated in the stack. 

When the contents of the program counter are pushed down in the 
stack, the stack flag is set at "l" (FSTK=1). And when the con¬ 
tents of the stack are popped up by a RTN instruction and returned 
to the original program flow, the stack flag is set at "0" 

(FSTK=0). At time of FSTK=1, the interrupt request becomes the 
disable (waiting) state. 

Further, the stack flag is set at FSTK=1 by the initialize operation. 

(11) Instruction Register (IR), Instruction Decoder (IDEC) 

The instruction register latches a 8-bit data from the program 
memory and outputs it to the instruction decoder. (Program memory 
data may be used for direct internal control.) 
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The instruction decoder receives data from the instruction re¬ 
gister and outputs a control signal required for processing. 

(12) Clock Generator (OSC) 

TCP4620AP/TCP4630AP has a internal clock generator. By exter¬ 
nally installing a crystal oscillator/ceramic oscillator or a 
LC oscillator, required clock is easily obtained. Furhter, 
clock can be supplied externally, however, in this case, the 
clock is input through Xxn terminal and XOUT terminal is kept 
open. While TCP4620AP/TCP4630AP starts by RESET, the clock 
should be always continuously supplied. 

Oscillation frequency shall be selected from several frequencies 
ranging from 20KHz to 4.2MHz by mask options. 

The clock generator has a internal 6-stage clock divider and 
specifies the optimum divide ratio to obtain internal basic clock 
(CP) on the basis of oscillation frequency by mask options. 


The clock generator is provided with the output terminal CK for 
external timing, and output frequency is specified by mask options. 

Further, a divide ratio for obtaining internal basic clock 
and external timing output frequency specified by mask options 
(refer to Item for Divider) are determined by an oscillator 
(oscillation frequency) to be used and internal basic clock fre¬ 
quency. 
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Clock Generator Circuit Configuration 

(IS) Divider 

The divider is a binary 16-stage divider provided for a clock 
counter, timer, etc., and makes the count of internal basic 
clock (CP). 



H flag reset 
enable 


Divider Configuration 
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Of output from the 16-stage divider, 3 bits are connected to the counter 
buffer by mask options and can be read by a program as the counter buffer 
contents. 

The relation between output 3 bits that can be specified by mask options 
and the divider output stage is determined by an oscillator (oscillation 
frequency) to be used and internal basic frequency as shown below. 


Oscillator 

32.76K 

X tal 

100K 

X tal 

400 - 
500K 
Ceramic 
/ IFT 

400K 

ce¬ 

ramic 

/IFT 

3 - 

4.2M 

X tal 

3 - 
4.2M 

X tal 


Internal 

basic 








clock 

CP 

00 

00 

04 

02 

64 

32 


External 

timing CK 

32 

64 

CP 

CP 

CP 

CP 


Counter 

Cl 

RD9 

RDB 

RDB 

RD7 

RDA 

RD7 










buffer 

C2 

RDA 

RDC 

RDC 

RDA 

RDB 

RDA 



C3 

RDB 

RDD 

RDD 

RDD 

RDC 

RDD 



Further, the most significant bit (C3) of the counter buffer is used as a 
hold release signal (H flag reset enable signal of the status register) 
when the hold operation is used. 

In addition, only when a 100K Xtal is used as an oscillator, the divider 
(2) is reset when the count value of the divider (2) reaches "12500" and 
the count value is reset to zero and then the count is resumed. 


(14) 
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Timing Generator (TG) 

The timing generator consists of the internal timing signal generation 
circuit, initialize control circuit and interrupt control circuit. 
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(T) Internal Timing Signal Generation Circuit 

This circuit receives the internal basic clock (CP) from the 
clock generator and generates two internal basic timing signals 
<t> and 0s- 


CP 


0S 


0 


(2) Initialize Control Circuit 

This circuit shapes the timing of external RESET signal and 
generates an internal initialize signal. This initialize signal 
ia used for internal initialization. (For details of the initi¬ 
alize operation refer to "Operation Description".) 

(3) Interrupt Control Circuit 

This circuit shapes the timing of external interrupt request 
signal INT, store it in the internal interrupt latch, and 
makes a judgement as to if the internal state is interrupt 
enable. When it is in evable state, this circuit generates an 
interrupt request signal internally and starts an interrupt 
operation, but if it is in disable state, controls the interrupt 
request to wait till it becomes enables. 

(For details of the interrupt operation refer to "Operation 
Description".) 
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[MACHINE INSTRUCTION] 

1. Symbol Meaning 

The explanation of symbols used for the following description is col¬ 
lected in the following table. 



PC 

Program counter 

AC 

Accumulator 

ST 

Status register 

M 

Data memory 

LR 

L register 

HR 

H register 

YR 

Y register 

EYR 

Y register flag 

C 

C flag of status register 

Z 

Z flag of status register 

R 

Port register. Field designating register under instruc¬ 
tions 

I 

Value of immediate data field 

G 

Field designating bit position under bit processing 
instructions 

AP 

Address branched by branch instructions 

ap h 

Field showing higher order 4 bits of AP 

apm 

Field showing intermediate order 4 bits of AP 

ap l 

Field showing lower order 4 bits of AP 

(A) 

Content of A 

(A) 

Values that contents of A are inverted every bit 

+ 

Binary addition 

- 

Binary subtraction 

A 

Logical AND for every bit 

V 

Logical OR for every bit 
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Symbol 

Meaning 

V 

Exclusive OR for every bit 

<- 

Value of left side is equalized to that of right side 

A<a : b> 

Content from b bitth to a bitth of A 

0 

Value is made into one by connecting two fields 

* 

Value is updated by operation result 

- 

Value is not changed by operation result 

Push PC 

Content of program counter is saved in stack 

Pop PC 

Content of stack is returned to program counter 

Null 

No operation 


2. Instruction Description 

The machine instruction of TLCS-46A consists of 52 kinds of in¬ 
struction, being divided roughly into 6 kinds as follows: 


Machine 
Instruction 
(52 kinds). 


Data Transfer Instruction (19 kinds) 
Operation Instruction (18 kinds) 
Bit manipulation Instruction (8 kinds) 
Branch Instruction (3 kinds) 


Interrupt/Subroutine 
Instruction 

Other Instruction 


(3 kinds) 
(1 kinds) 


In this paragraph, the function of each instruction is described 
according to the following instruction description description format. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TC4620AP 

TC4630AP 


Instruction name 


Assembler 


Machine code 


Execution 

cycle 


Z flag C flag; 
after after 


tion tion 


Operation description 


Instruction Description Format 


(1) Data Transfer Instruction 

The data transfer instruction mainly provides the data transfer among 
accumulator, status register, memory (RAM), and registers. 

Load Accumulator from Regsiter 
7 _0 

LAR R 0 | 0 ! 0 | 1 | 0 R I 0 < R < 7 1 

_I_i_ I. I _I 

(AC) (R) I - I - 0 


The content of register or input port designated by R 
field is loaded in accumulator. 





tfotfuba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


LTR R 


LAM 


L T M 


Load Accumulator from Register and Test 



7 

0 





o 

o 

o 

I— 1 

R 

0 < R < 7 




_1_1_1_1_ 





(AC) (R) 

i< 

- 


The content of resister or input port designated by R field is 
loaded in accumulator. After execution Z flag is updated. 


Load Accumulator from Memory 


7 0 


1 1 1 1 1 1 1 
o o i o i o i o 11 i o ! o 

i iii iii 


(AC) t- (M) 

- 

- 


The content of memory is loaded in accumulator 
Note 1 


Load Accumulator from Memory and Test 



7 0 





1 i ! r i i i 
l° 1 0 1 1 1 1 1 1 




(AC) + (M) 

* 

- 


The content of memory is loaded in accumulator. 
After execution Z flag is updated. 

Note 1 





INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


Load Status-register from Memory 


1°i° i 0 ; 0 i 0 1 1 ! 0 ! 1 


ote 3 Note 3 


(ST) (M) 


The content of memory is loaded in status register. 


Load Accumulator from L-register 



OiO'O'OiO'liliO 


(AC) «- (LR) 



The content of L register is loaded in accumulator. 


Load Accumulator from H-register 



LAH OiOiOiOlOllllil 


(AC) ^ (HR) 


The content of H register is loaded in accumulator. 


Load Accumulator Immediate 


LAI I 0 I 1 I 0 ' 0 


(AC) ^ I 


0 < I < 15 




The value of I field is set to accumulator. 







The content of accumulator is stored in the register 
designated by R field. 










^ 06 hiba 
















INTK5RATEDCIRCUIT 

ms 

TECHNICAL DATA 


(2) Operation Instruction 


TCP4620AP 

TCP4630AP 


Operation instruction has 2 operand instruction and 1 operand instruc¬ 
tion, and performs arithmetic operation and logical operation. 


ADI I 

Add Accumulator Immediate 


0 

1 


1 l l 

i ! o | o j i i 

0 < I < 15 




(AC) (AC) + I 

* 

* 

0 

The value of I field is added to the content of accumulator. 

After execution of instruction, Z flag and C flag are updated. 

ADA 

Add and Store to Accumulator 

7 

o 

o 

o 

o 

o 

o 

1—1 

) 

1 

(AC) +• (M) + (AC) 

* 

* 

0 

The content of accumulator is added to the content of memory, 
and the result is loaded in accumulator. After execution of 
instruction, Z flag and C flag are updated. 

ADM 

Add and Store to Memory 

7 

C 

P_ j | | i | i 

1 : 0 ! 0 ,o Ji ;o ! o 1 o 

1 

1 

(M) (M) + (AC) 

* 

■k 

- 

The content of accumulator is added to the content of memory, 
and the result is stored in memory. After execution of in¬ 
struction, Z flag and C flag are updated. Note 1, Note 2 

A C A 

Add with Carry and Store to Accumulator 

7 

r*H 

o 

o 

o 

o 

o 

o 

1—1 


1 

(AC) (M) + (AC) + (C) 

* 

* 

0 

The content of accumulator and the content of C flag are added to 
the content of memory, and the result is loaded in accumulator. 
After execution of instruction,Z flag and C flag are updated. Note 1 
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INTEGR ATEDCIRCUIT 


TECHNICAL DATA 


T CP4620AP 
T CP4630AP 


Add with Carry and Store to Memory 


1 I 0 I 0 I 0 | 1 I 0 l 0 l 1 


(M) -e (M) + (AC) + (C) * * 

The content of accumulator and the content of C flag are added to 
the content of memory, and the result is sotred in memory. After 
execution of ins true tion, Z flag and C flag are updated. Note 1,Note 2 

Subtract and Store to Accumulator 


0 | 0 | 0 | 0 | 0 | 1|0 


(AC) * (M) 



The content of accumulator is subtracted from the content of 
memory, and the result is loaded in accumulator. After execution 
of instruction, Z flag and C flag are updated. Note 1 

Subtract and Store to Memory 


1 | 0 | 0 | 0 | 1 | 0 | 1|0 


(M) - (M) 


The content of accumulator is subtracted from the content of 
memory, and the result is stored in memory. After execution of 
instruction,Z flag and C flag are updated. Note 1, Note 2 

Or and Store to Accumulator 



The logical sum of every bit of the content of memory and the 
content of accumulator is loaded in accumulator. After execu¬ 
tion of instruction, Z flag is updated. Note 1 









ATEDCIRCUIT 


TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


Or and Store to Memory 


1 l 0 i 0 i 0 i 1 i 1 I 0 i 0 

_i_I_i_I_l_I_i_ 



(M) (M) V (AC) 


The logical sum of every bit of the content of memory and the 
content of accumulator is stored in memory. After the execution 
of instruction, Z flag is updated. Note 1, Note 2 

Exclusive-or and Store to Accumulator 


I|0.0i0|0lli0il 


(AC) «- (M) v (AC) 


The exclusive OR of every bit of the content of memory and the 
content of accumulator is loaded in accumulator. After execution 
of instruction, Z flag is updated. Note 1 

Exclusive-or and Store to Memory 



1 l 0 i 0 , 0 i 1 i 1 i 0 | 1 

I_i_i_l_i_I_l_i_ 




(M) (M) v (AC) 


The exclusive OR of every bit of the content of memory and the 
content of accumulator is stored in memory. After execution of 
instruction, Z flag is updated. Note 1, Note 2 

Complement Accumulator 


1 I 0 i 0 ,l 0 i 0 ll ll lO 


(AC) «- (AC) 



The content of accumulator is inverted every bit. 
After exectuion of instruction, Z flag is updated. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


C M M 


I C A 


I C M 


I C L 


Complement Accumulator and Store to Memory 


7 0 


1 

i!o !o loll ! i I i ! o 

i ...... 


(M) +• (AC) 

* 

- 

- 


The content of accumulator is inverted every bit, and the result 
is stored in memory. After execution of instruction, Z flag is 
updated. Note 1, Note 2 


Load Accumulator and Increment 


7 0 


1 

i i o i o i o | o ! o i ! i 

ii i i i i i 


(AC) (M) + 1 

* 

* 

0 


"1" is added to the content of memory, and the result is loaded 
in accumulator. After execution of instruction, Z flag and C 
flag are updated. Note 1. 


Increment Memory 


7 0 


1 

j j , | j | | 

llOiO 1 0 1 1 I 0 i 1 I 1 

1 1 1 l l 1 1 


(M) «- (M) + 1 

_! 

* 

* 

- 


"1" is added to the content of memory. After execution of in¬ 
struction, Z flag and C flag are updated. 

Note 1, Note 2 


Increment L-register 


7 C 

) 

1 

o 

o 

•o 

o 

o 

o 

o 



(LR) -e (LR) + 1 

- 

- 

0 


1" is added to the content of L register. 





TCP4620AP 

TCP4630AP 



(3) Bit Manipulation Instruction 

The bit manipulation instruction is performed to each bit of accmulator 
or status register. 







INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4620AP 

TCP4650AP 


Tast a bit for Status-register 


TBS G 1 10 i 1 i 1 I 0 1 0 G 0 < Gc< 3 


Null «- (ST) A 2 g 



The Z flag is updated, according to the bit of status register 
designated by G field. 

Set a bit for Accumulator 


SBAG l|0,l|0|0il G 0 ^ G < 3 


(AC) (AC) V 2G 


The bit of accumulator designated by G field is set to "1". 


Set a bit for Status-register 


| 


IIOIIUIO'1 G 0 1 G < 3 


(ST) ^ (ST) V 2G 


Note 3 Note 3 


The bit of status-register designated by G field is set to "1" 


Clear a bit for Accumulator 


CBA G llOiliOillO G 0 < G ^ 3 


(AC) ■<- (AC) A 2^ 


The bit of accumulator designated by G field is cleared to !, 0" 














TCP4620AP 
TCP4t30AP 

(4) Branch nstruction 


The branch instruction performs unconditional or conditional branch. 



The value of AP field is set to program counter. After execution 
of instruction, therefore, program sequence changes to the AP 
address. 


Branch on Condition Set 



The content of Z flag is"l"jthe value of AP field is set to pro¬ 
gram counter. After execution of instruction, therefore, program 
sequence changes to the AP address. 

If the content of Z flag is "0", the program sequence follows 
the next address wi thout any _operation. ._____ _ 

Branch on Condition Clear 



0 < AP * 4095 


If Z = 0 then (PC) <- AP, 

The content of Z flag is "0 M ,the value of AP field is set to pro¬ 
gram counter. After execution of instruction,therefore,program 
sequence changes to the AP address. 

If the content of Z flag is "l", the program sequence follows 
the next address without any operation. 













^ 15a 

INTEGRATEDCIRCUIT 

IBS 

TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


(5) Interrupt/Subroutine Instruction 

The interrupt/subroutine instruction is used for performing a call of 
subroutine and a return from interrupt routine or subroutine. 


In addition NOP instruction is available as one other instruction. 


Call Subroutine 


015 


CAL AP 


1 l 


1 I 1 i 1 
_I_I_ 


ap l 


_ _aph __ APm _ 

0 < AP < 4095 


push (PC), and (PC) 4- AP 


0 


The content (the next address) of program counter is stored in 
the stack, and the value of AP field is set to the program 
counter. The interrupt is placed in disable (queued) state 
during execution of subroutine. 


Return 


0 i 0 i 0 i 0 i 0 i 0 I 0 i 1 


POP (PC) 


The content of the stack is restored to program counter. After 
execution of instruction, the interrupt is placed in enable state!. 


Jump by Accumulator 


OlO'OjO'llO'O il 


(PC)4-(PC)+l,and(PC)4-(PC)<ll:4>°(AC) 


The content (address where JAC instruction is sroted,plus 2) of 
the incremented program counter is taken as the higher 8 bits,and 
the content of AC is taken as the lower 4 bits; then, the value 
of 12 bits in total that these contents are connected is set to 
the program counter. 


NOP 


No Operation 


7 


0 


0 I 0 i 0 l 0 i 0 I 0 l 0 I 0 


Null 


This is an instruction by which nothing is executed. 
However, Y register flag is reset to "0". 
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INTEGRATEDCIRCUIT 

f6S 

TECHNICAL DATA 


TCP4620AP 

TCPA630AP 


Note 1: The address of data memory becomes as follows; 

EYR = 0 , (HRoLR) 

EYR = 1 , (OoYR). 

Note 2: Care should be taken to the tact that, even after this 

instruction is ececuted, Y register flag does not change. 


Note 3 : 


A flag may be updated as a result of processing. 



INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


3. LIST OF INSTRUCTIONS 



Mne¬ 

monic 

Machine code 

Operation 

Update 
of flag 

Remarks 

Hexa¬ 

decimal 

Binary 


LAR 

li 

OOOlOiii 

(AC)^-(Register iii) 




LTR 

li 

OOOlliii 

(AC)-<-(Register iii) 

Z 


n 

LAM 

04 

00000100 

(AC)-e(M) 



O 

LTM 

87 

10000111 

(AC)-KM) 

Z 


j-j 

o 

LSM 

05 

00000101 

(ST)f(M) 

ZC 


3 

u 

LAL 

06 

00000110 

(AC)i-(LR) 



4-1 

CO 

LAH 

07 

00000111 

(AC)«-(HR) 



£ 

LAI 

4i 

OlOOiiii 

(AC)^-iiii 




LLI 

6i 

OllOiiii 

(LR)-<-iiii 



<U 

LHI 

7i 

Ollliiii 

(HR)«-iiii 



4-1 

CO 

LYI 

5i 

OlOliiii 

(YR)-eiiii 


EYR is set 

e 

nJ 

SAR 

2i 

OOlOliii 

(Register iii)-c-(AC) 



5-i 

H 

SAM 

OC 

00001100 

CM) - (AC) 




SSM 

0D 

00001101 

(M) - (ST) 



03 

4-> 

SAL 

0E 

00001110 

(LRK(AC) 



CO 

Q 

SAH 

OF 

00001111 

(HR)<-(AC) 




SAY 

08 

00001000 

(YR)i-(AC) 


EYR is set 


SYR 

3i 

OOllOlii 

(Register lii)^-(YR) 




CLR 

2i 

OOlOOiii 

(Register iii)«-0 




ADI 

9i 

lOOliiii 

(AC)«-(AC)+iiii 

ZC 



ADA 

80 

10000000 

(AC)«-(M) + (AC) 

ZC 



ADM 

88 

10001000 

(M) (M) + (AC) 

ZC 



ACA 

81 

10000001 

(AC)«-(M) + (AC) + (C) 

ZC 


C 

o 

ACM 

89 

10001001 

(M) (M) + (AC) + (C) 

ZC 


•H 

4J 

SUA 

82 

10000010 

(AC)«-(M)-(AC) 

ZC 


O 

3 

SUM 

8A 

10001010 

(M) 4- (M)- (AC) 

ZC 


54 

4-4 

ORA 

84 

10000100 

(AC)«-(M)v(AC) 

Z 


CO 

c 

ORM 

8C 

10001100 

(M) (M)V(AC) 

Z 


M 

EOA 

85 

10000101 

(AC)«-(M)V(AC) 

Z 


C 

EOM 

8D 

10001101 

(M) «- (M)V(AC) 

Z 


O 

CMA 

86 

10000110 

(ac)-wt 

Z 


4-4 

03 

CMM 

8E 

10001110 

(M) +JKCJ 

Z 


5-4 

a) 

ICA 

83 

10000011 

(AC)«-(M)+1 

ZC 


a 

o 

I CM 

8B 

10001011 

(M) -e (M)+l 

ZC 



ICL 

02 

00000010 

(LR)«-(LR)+1 




ICH 

03 

00000011 

(HR)«-(HR)+1 




TSM 

8F 

10001111 

(M)-(M), if (M)-0 HI 

z 
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Branch Instruction Bit Manipulation 

and Others Instruction 


TCP4620AP 

TCP4630AP 



Machin 

2 code 




monic 

Hexa¬ 

decimal 

Binary 

Operation 

of flag 

Remarks 

TBA 

Ai 

lOlOOOii 

• r / a /~i\ ^ ^ then Z 1 

if (AC)<n>=0 eleg Z ^ Q 

Z 


TBS 

Bi 

lOHOOii 

if (ST)<ii>=0 ^“ III 

eles Z 0 

Z 

Asteris (*) 
denotes that, when 

SBA 

Ai 

lOlOOlii 

(AC)<ii>-KL 


Z flag and C flag 

SBS 

Bi 

lOHOlii 

(ST) <ii>«-l 

** 

are designated, 

CBA 

Ai 

lOlOlOii 

(AC) <ii>+-0 


the fags are 

CBS 

Bi 

lOlllOii 

(ST)<ii>^0 

** 

updated. 

IBA 

Ai 

lOlOllii 

(AC) <ii>-e(AC) <ii> 



IBS 

Bi 

lOllllii 

(ST)<ii>^(ST)<fi^ 

** 


JMP 

Ek 

lllOkkkk 

(PC)^-iiiij j j j kkkk 


2-byte ,2-cycle 


ij 

imj 



instruction 

BCS 

Ck 

llOOkkkk 

if Z=1 then (PC)^-iiiij j j jkkkk 


M 


ij 

imj j j j 




BCC 

Dk 

HOlkkkk 

if Z=0 then (PC)^-iiiij j j jkkkk 




ij 





CAL 

Fk 

llllkkkk 

(PC) i , (PC)^-iiiij j j jkkkk 


M 


ij 





RTN 

01 

00000001 

(PC) t 


1-byte, 2-cycle 
instruction 

JAC 

09 

00001001 

(PC)<-( (PC)+1) <11: 4> o(AC) 


M 

NOP 

00 

00000000 

No Operation 


EYR is reset. 


Note: Pay attention to the conversion of the underlined machine codes. 
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INTEGRATEDCIRCUIT 

mm 

TECHNICAL DATA 


TCP^OAP 

TepASiOAP 


[OPERATION DESCRIPTION] 

1. Basic Clock 

The basic clock is used to generate the basic timing signals for the 
operation of TLCS-46A and as the clock for the divider. 

For the generation and supply of basic clock, there are following 
methods: 


(1) Connecting crystal oscillator/ceramic oscillator 


XlN Xqut 

I— io^ 



In case the crystal oscillator/ceramic 
oscillator is connected as shown in 
the left figure, it is possible to 
obtain the oscillation frequency 
characteristic to crystal oscillator/ 
ceramic oscillator. 


(2) Connecting IFT 


X IN x OUT 



In case the IFT is connected as shown 
in the left figure, it is possible 
to obtain the oscillation frequency 
characteristic to IFT. 


(3) Suppling the external clock 
X IN x OUT 

n \ 

Open 

- External oscil¬ 
lation circuit 


If the external oscillator is con¬ 
nected to Xin terminal as shown in 
the left figure, it is possible to 
supply the clock from the external. 

In this case, XOUT terminal shall 
be kept open. 
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ms 

TECHNICAL DATA 


TC04620AP 

TCPA630AP 


2. Instruction Execute Cycle 

The instruction execute cycle consists of two internal timing signals, 

0s and 0, supplied by the timing generator. 

0 s is the signal expressing the instruction execute cycle, while 0 is the 
signal which comes to the set timing of data memory, register, etc. 


CP 


0 S 

0 

Program 

counter 


Instr. 
register 


Internal 

bus 



(—Instruction—-j 


1 


excute 

cycle 


A address 


I 


B address 


I 


C address 


XU 


ddress 


""V Instr.( Content Wins tr. (Con tent) Vlnstr. (Content) 
of A add. ^of B ad d. / \of C ada. 


nxrxm 


r 

XI 

r 


Instruction Execution Timing Chart 


3. Initialize operation (System initialization) 

The initialize operation is carried out without fail after impressing 
power source on TLCS-46A, which is returned to the initial state in the 
interior. 


By keeping the RESET terminal to "L" level, the internal initialize 
signal is formed, whereby the initialize operation of TLCS-46A is executed. 
At this time, more than 2 cycles are required for the time of "L" 
level. 
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INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TCP4620AP 

TCP4650AP 


RESET 


V- W -/ 


W < 2 cycles 

W 2l 2 cycles 

Whether or not initialize 
operation is executed is 
not difinite. 

Initialize operation 
is executed. 


However, 1 cycle corresponds to 2 period of internal basic 
clock (CP). 

By the initialize operation, the interior of TLCS-46A comes to the 
conditions as given below: 

(1) Resetting H flag and D flag of status register to "0". 

(2) Resetting the interrupt latch to "0". 

(3) Resetting the port register "0". 

(All output pins come to "L" level.) 

(4) Setting the stack flag to "l". 

(5) Setting the program counter to 0 address. 

There is no influence on accumulator, d^ta memory, H register, 

L register, Y register, C flag and Z flag of status register, etc. 


The program is executed from 0 address when RESET signal comes 
to "H" level and the internal initialize signal comes to "L" level. 




INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TCP4620AP 

TCP4630AP 



RESET 


Internal 

initialize 

signal 


r 


Program 

counter 


Instr 

regist 


_n_j"L 

=:x 


DC 

tr. vr 

iste r A 


0 address 


NOP instr. 


X 

X 


1 address 


Instruction 
of 0 address 


X 

yInstruction 
Aof 1 address 


n_ 

rz 

xn 


Start from initialization 


Interrupt Operation 

TLCS-46A is provided with the function permitting the external interrupt 
operation. The interruption is an operation enabling other processing 
to be preferentially made by suspending the processing underway. 

The request for interrupt operation is made by changing INT terminal 
from 'H" level to "L" level and by holding the terminal on "L" level 
for more than 2 cycles. 

There are several conditions enabling TLCS-46A to start the inter¬ 
rupt operation. If the interrupt operation request is made before 
the conditions are satisfied, the interrupt operation is in standby 
state to wait until the conditions are satisfied. 

The conditions are as follows: 


146 



TCP4620AP 

TCPA630AP 


(T) Data memory is not made reference with Y register. 

(EYR = 0) 

(2) Stack is empty. (FSTK = 0) 

(3) No hold operation (Interrupt request is ignored in hold operation.) 

The external interrupt request signal is preserved in the internal 
interrupt latch, and the interrupt latch is cleared when the 
interrupt is accepted. 

In case of repetitive interrupt request, it is required to make INT 
terminal M H M level (more than 2 cylces) and to make INT terminal "L" 
level. Repetitive interrupt request is not accepted when INT terminal 
is "L" level without making it "H" level. 

(l) Internal latch set timing 



However, 1 cycle corresponds to 2 period of internal 
basic clock (CP). 


(2) Internal latch repetitive set timing 




INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


o 

II 

0 < W' <2 cycles 

W T _> 2 cycles 

Interruption latch 
is not set again. 

Whether or not inter- 
: ruption latch is set 
| again is not difinitej 

Interruption latch 
is set again 


However, 1 cycle coresponds to 2 period of internal basic clock 
(CP). 


When TLCS-46A accepts the interrupt, the following processings are made: 

1 The content of program counter is stored in a save register (stack) 

2 The entry address (address 2) is set in the program counter. 

3 The interrupt latch is cleared. 

Therefore, the interrupt service routine defines 2 address of program 
memory as the top address. 

When TLCS-46A returns to the main program by completing the interrupt 
process, it follows the execution of RTN instruction. 
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TECHNICAL DATA 


TCP4620AP 

TCP4630AP 


CP 



INT Terminal 

Interruption 
latch set 
pulse 

Interruption 

latch 


Interruption 
demand signal 

Program 

counter 

Instruction 

register 



Stack 


\ 


-fh 


I 


I 

I 


A address 


Y 2 address )(~|d d. 

~\J NOP y”lnst r . of 

A instruction A 2 add. 

^ A address ~ 


Stack flag 


Interrupt Acceptance Timing Chart 


5. Hold Operation 

In case the hold operation is designated by mask options, the opera¬ 
tion state (normal/hold) of TLCS-46A is controlled by the H flag of 
status register. 
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TECHNICAL DATA 


TCP4L20AP 

TCP4630AP 


When each instruction of SBS, LBS and LSM is executed, and "l" is 
set to the H flag, the internal timing signals of and ^ stop 
after the completion of the execution of the instruction, whereby 
the hold operation begins. At this, time, the program counter, in¬ 
struction register and other internal registers are held in the 
state which was before the hold operation, but the interrupt request 
under waiting is ignored because the interrupt latch is cleared. 


As the clock generator does not stop, there is no influence on the 
internal basic clock and the count function of divider. 


Restart from the hold operation is made by resetting H flag to M 0" 
in hardware. For the signal for resetting H flag, the output of 
divider (the MSB input (C3) of counter buffer) is used, and the 
resetting is made by detecting the trailing edge of the bit input 

<C3). 


At the input of divider is the internal clock (CP), restart is made 
at constant intervals. 

When H flag is reset, the internal timing signals of and <t> start, 
whereby the execution is 
is the same as that just 


countinued to start from the condition which 
before starting the hold operation. 
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TECHNICAL DATA 


T CP4b20AP 
TCP4650AP 


CP 



Normal operation ' Hold operation 


Program 

counter A. address 

y A + 1 address^ 

^ A + 2 address 


Instruction 

register 

V Instruction \ 
A of A address / 

^ Instruction of A + 1 adress 


/Instruction of\ 


H flag 

setting "1" to 1 
\H flag J 



Hold Operation 

Start Timing 


CP 


H flag 
reset signal 


H flag 


0S 


Program 

counter 


Hol d op eration 


A + 2 address 


Normal operation 

B address 


C address 


Instruction 

register 


Instruction of A + 1 add 


I 


Instruction 
of A + 2 add 


I 


Instruction 
of B address 


Restart Timing from Hold Operation 
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6, Reference to Data Memory 

There are two methods of making reference to data memory. 


(1) The page of data memory is designated by H register, while the 
address in the page is designated by L register. 

In the case of access to data memory, it is so arranged as to 
make access to the address designated by L register in the page 
designated by the contents of H register. 

(1 page consists of 16 words.) 


Data Memory Address 


7 43 0 


HR 


LR 


(2) The address in 0 page is designated by Y register. In the case 
of access to data memory immediately after writing data in Y 
register by the instruction of LYI or SAY, the access is made 
to the address designated by the contents of Y register in 0 page. 


Data Memory Address 


7 43 0 

0 0 0 0| YR | 


At the time,of making reference to data memory, it depends on 
the value of internal Y register flag (EYR) to select H register/ 

Lregister orY register for designating address.When EYR=0, the method 
(1) above is adopted. When EYR = 1, the method (2) above is 
adopted. When data are written in Y register by SAY instruction 
or LYI instruction, "1" is set to EYR. At the time of instruction 
execution when data are not set to data memory, EYR is reset to ,! 0". 
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7. Input and Output Timing for Port 

The input of data from the input port of TLCS-46A and the output of 
data to the output port are made by the data transfer instruction 
between accumulator and each port. 


Port Input 

As the input ports of TLCS-46A are all non-latch inputs, the input 
data is required to be stable until the completion of reading. 

At the instruction cycle of LAR or LTR instruction, input data is 
set to the accumulator. 

Port Output 

The output ports of TLCS-46A output the content of port register. 
Data are written in the port register when SAR, SYR and CLR instruc¬ 
tions are executed. 

The digit output port (PO 5 ) and segment output port (P06) for display 
are different in output timing from other output ports. 


0 S -1 

* 1 


Port 

register 

Old data 

New data 

- 

Port 

data 

Olda data 

New data 


Output Timing (Port5, Port 6 ) 
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0S 


0 


Port 

register 

Old data 

New data 


Port 

data 

Old data 

^ New data 


Output Timing (except Port5, Port6) 


8. Input/Output Switching of Port 0 

The switching of input/output of port 0 is made by the D 
flag of status register. By each instruction of SBS, CBS, IBS 
and LSM, the value of D flag is changed, whereby the switching, 
of input/output is carried out. 



0 

D flag 

Port 0 


Input mode 


■it 

-ft 


X 


- if - 

Output mode 

- if - 


X 


Input mode 


Input/OutpuL Switching Timing of Port 0 


9. Output Terminal for External Timing 

CK terminal is equipped for taking out the output of the 
divider of clock generator. 
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The output frequency is designated by the mask options but is 
decided by the oscillator (oscillation frequency) used. The out¬ 
put frequency is either 1/32 or 1/64 of oscillation frequency or 
internal basic clock (CP). 

The output signal on CK terminal is generated after inverting the 
phase of the output of divider. 


Oscillation 

frequency 

(Xin) 

Internal ba 
clock 

(CP) 

External tii 
signal 
(CK) 



Example of the internal basic clock and external 
timing waveform. 

' The internal basic clock (CP) is 1/4 of the \ 

oscillation frequency. The external timing signal 
is CP. 


[Mask Options] 

TCP4620AP/TCP4630AP have many kinds of mask options on the clock 
generator, input output ports, etc. so as to meet the extensive 
requirements from the users. 


Option Name 

Function 

0 S C 

C P 

Prescribing the oscillator and oscil¬ 
lation frequency. 

Prescribing the dividing ratio for 
obtaining the internal basic clock. 
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Option Name 

Function 

C K 

Prescribing the output frequency for 
the external timing. 

COUNTER 

Prescribing 

the 

reset timing of divider. 

COUNTER 

BUFFER 

Prescribing 

the 

input of 

counter buffer. 

HOLD 

Prescribing 

the 

function 

of 

H flag. 

R S T H 

Prescribing the 
hold opration. 

restart signal from 

STD 

Prescribing 

the 

function 

of 

port 0. 

P 2 

Prescribing 

the 

function 

of 

port 2. 

P 4 

Prescribing 

the 

function 

of 

port 4. 

P I 5 

Prescribing the function 
resistance of port 5. 

of 

input 

DECODER 

Prescribing 

the 

contents 

of 

decode matrix. 

P 0 6 

Prescribing 

the 

function 

of 

port 6. 

P L A 

Prescribing 

the 

contents 

of 

PLA. 


(Note) o The mask options of OSC-RSTH are decided by 
the oscillator (oscillation frequency) used . 


o Use the designation paper for mask options 
which is attached to the ES order sheet. 

o Submit to us the designation paper for mask 
options together with the ES order sheet by the 
data two weeks prior to the date of submitting 
the mask tape. 
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Option Item 

Option Name 

TYP001 1 

TYP002 

TYP003 

TYP004 

TYP005 

TYP006 

Oscillation 

frequency 

OSC 

003 

32.76K 

Xtal 


012 

100K 

Xtal 

050 

400-500K 
ceramic 
/I FT 

050 
400K 
ceramic 
/ IFT 

400 

3 - 4.2K 
Xtal 

400 

3-4.2K 

Xtal 

Dividing ratio for 
internal clock 

CP 

00 


00 

04 

02 

64 

32 

External timing output 

CK 

32 


64 

CP 

CP 

CP 

CP 

■U 

Divider 

1 Input 

PD 

CP 

CP 

CP 

CP 

CP 

CP 

g u 

o 

o 

Divider 

3 Input 

Counter PDR 

PD2 

PD2 

PD2 

PD2 

PD2 

PD2 

Reset timing 

PDR 

N 

/12500/ 

N 

N 

N 

N 

u 

OJ u 

4J a) 

Buffer 0 

Input 

CO 

PI 6 O 

PI 6 O 

P I 6 O 

PI 6 0 

P I 6 O 

P I 6 O 

Buffer 1 

Input 

Counter Cl 

RD9 

RDB 

RDB 

RD7 

RDA 

RD7 


Buffer 2 

Input 

Buffer C2 

RDA 

RDC 

RDC 

RDA 

RDB 

RDA 

O pq 

Buffer 3 

Input 

C3 

RDB 

RDD 

RDD 

RDD 

RDC 

RDD 

H flag 

HOLD 

R 

H 

K 

0 

0 

0 

Restart condition 

RSTH 

C3 

C3 

C3 

0 

o 

0 

Input/Out¬ 
put port 

Port 0 

STD 

D(PROG) 

1(OUT) 





T/H nnrt- 

Port 2 

P2 

/ F / (OUT) 

/F/ (OUT) 

/ 0 / (IN) 

/ 0/(IN) 

/ 0 / (IN) 



" 

Port 4 

P4 

/F/(out) 

/3/IN/OUT) 

,/F/ (OUT ) 

/ 3/(IN/OUT) 

10/ (IN) 


Input resistance 
(Input port 5) 

PI5 

0(UP) 

1 (DOWN) 







Line 0 

DECO 

/ 






Decode 

matrix 

Line 1 

DEC1 

V 

/ 






Line 2 

[DECODER DEC2 

/_ / 






Line 3 

DEC3 

1 

/ 








Line 4 

DEC4 

/ 






Output port 

6/7 

P06 

1(P6/P7) 

0 (P 6 ) 







Line 0 

PLAO 

/ 00 

/ 

/ / 







Line 1 

PLA1 

/ 11 

/ 

/ / 







Line 2 

PLA2 

/ 22 

/ 

/ 







Line 3 

PLA 3 

/ 33 

/ 

/ / 







Line 4 

PLA 4 " 

/ 44 

/ 

/ / 







Line 5 

PLA5 

/ 55 

/ 

/ / 







Line 6 

PLA 6 

/ 66 

7j 

/ / 







Line 7 

PLA PLA7 

/ 77 

/ 

/ / 







Line 8 

PLA 8 

/ 88 

L_ 

/ 







Line 9 

PLA9 

, 99 

_u 

/ / 







Line A 

PLAA 

/ AA 

/ 

/ / 







Line B 

PLAB 

/ BB 

/ 

/ 







Line C 

PLAC 

/ CC 

/ 

/ / 







Line D 

PLAD 

/ DD 

/ 

/ / 







Line E 

PLAE 

/ EE 

/ 

/ / 







Line F 

PLAF 

/ FF 

/ 

/ / 





Note 1 : As 

to each 

option item, one of the 

thick frames horizontally lined shall 

[_ be 


selected. 

(The whole thick frame 

is enclosed with a 

circule. ) 




Note 2: Please enter the data entry mode (decode matrix, PLA) by yourself. 
Note 3: The formal name of option is that naming continuously the option name 
and the data in the designation column of option. 
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(1) OSC - RSTH Options 

OSC-RSTH options can construct six kinds of combination . 
However, it is impossible to use the options by changing 
the combinations. 


Name of Option 

TYP 

001 

TYP002 

TYP 

003 

TYP 

004 

TYP 

005 

TYP 

006 

OSC 

003 

012 

050 

050 

400 

400 

CP 

00 

00 

04 

02 

64 

32 

CK 

32 

64 

CP 

CP 

CP 

CP 

PD 

CP 

CP 

CP 

CP 

CP 

CP 

COUNTER PDR 

PD2 

PD2 

PD2 

PD2 

PD2 

PD2 

PDR 

N 

/ I250Q/ 

N 

N 

N 

N 

CO 

PI60 

PI 6 0 

Pleo 

PI*o 

P^O 

PI60 

COUNTER Cl 

RD9 

RDB 

RDB 

RD7 

RDA 

RD7 

BUFFER C2 

RDA 

RDC 

RDC 

RDA 

RDB 

RDA 

C3 

RDB 

RDD 

RDD 

RDD 

RDC 

RDD 

HOLD 

H 

H 

H 

0 

0 

0 

RSTH 

C3 

C3 

C3 

0 

0 

0 


(I) OSC: Prescribing the oscillator and oscillation frequency, 
o OSC003 - 32.768 KHz oscillation by Xtal oscillator, 
o 0SC012 - 100 KHz oscillation by Xtal oscillator. 

o OSC050 - 400 KHz (400K^ 500KHz) oscillation by ceramic 
oscillator or IFT. 

o 0SC400 - 4194.304 KHz oscillation by Xtal oscillator. 

Note (1): It is possible to make driving from the external 
oscillator by opening XoUT terminal add by ar- 
rangeing Xjn terminal for input. 

Note (2): The formal name of option is that naming contin¬ 
uously the option name and the data in the des¬ 
ignation column of option. 
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(2) CP: Prescribing the frequency dividing ratio for obtaining 
the internal basic clock. 

o CPOO - Oscillation signal is made to clock, 
o CP02 - Signal of dividing oscillation frequency into 2. 

o CP04 - Signal of dividing oscillation frequency into 4. 

o CP32 - Signal of dividing oscillation frequency into 32. 

o CP64 - Signal of dividing oscillation frequency into 64. 


(3) CK: Prescribing the output frequency for external timing 
o CK32 - Signal of dividing oscillation frequency into 32. 

o CK64 - Signal of dividing oscillation frequency into 64. 

o CKCP - Signal of the internal basic clock frequency. 


© COUNTER: Dividers 

The divider consists of 16-stage divider and con be disassumbled 
into the basic construction of the front 2 stages [divider (1)] 
and the rfear 14 stages [divider (2)]. 


CP 



Divid- 


-1-1-1-1-1 | -1-1 I 1- 

__ 

er (1) 

__ 

* | J j 1 Divider (2) 1 i 1 • J 


1 ; 2 


3 ] 4 | 5 | 6 | 7 , 8 J 9 ! 10 j 11 J 12 [ 13 1 14 | 15 j 16 


(PDl 2) (RDO 12 3 4 


Counter 

buffer 

input 
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o PDCP - Setting the input of divider (.1) to the inter¬ 

nal basic clock (CP) . 

o PDRPD2 - Setting the input of divider (2) to the output 
of divider (1). 

o PDRN - Setting the function of divider (1) and divider 

(2) as the usual binary counters. 

o PDR/12500/ - This is the designation only at the time of use 
of 100K Xtal. When the count value of divider 
(2) is "12500", the divider (2) is reset to re¬ 
turn the count value to "0". 

(5) COUNTER. BUFFER Prescribing the input of counter buffer 

The counter buffer is composed of 4 bits, which are marked CO, 
Cl, G2 and C3 from LSB side (Bit 0). 

o COPI60 - PI60 terminal input to Bit 0. 
o C1RD7 - The output of divider 10 to Bit 1. 

o C1RD9 - The output of divider 12 to Bit 1. 

o ClRDA The output of divider 13 to Bit 1. 
o ClRDB - The output of divider 14 to Bit 1. 

o C2RDA - The output of divider 13 to Bit 2. 

o C2RDB - The output of divider 14 to Bit 2. 

o C2RDC - The output of divider 15 to Bit 2. 

o C3RDB - The output of divider 14 to Bit 3. 

o C3RDC - The output of divider 15 to Bit 3. 

o C3RDD - The output of divider 16 to Bit 3. 

(6) HOLD, RSTH: Prescribing the function of H flag and the signal 

for restart from the hold state. 
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o HOLDH - Hold control is carried out by H flag. 

o HOLDO - No hold is maintained. H flag is capable of being 
used as the general flag. 

o RSTHC3 - Interlocking with HOLDH. Counter buffer bit 3 is 
used as the hold restart signal. 

o RSTHO - Interlocking with HOLDO. No hold is maintained. 
(2) STD-PI5 Options 

STL-FI5 options prescribe the state of input/output of port. 

It is possible to independently designate STD and P15 options 
respectively. 


Option 
—games_ 


Designs 

tion of op 

tion 

—■ 

P2 

/F/(OUT) 

/F/(OUT) 

/0/(IN) 

/0/(IN) 

/0/(IN) 

P4 

/F/(OUT) 

/3/(IN/OUT) 

/F/(OUT) 

/3/(IN/OUT) 

/0/(IN) 

PI5 

0(UP) 

| 1(D0WN) 





(T) STD: Prescribing the function of port 0. 

o STDD - Switching input/output of port 0 is made according 
to the contents of D flag. 

o STDl - Using as the output of port 0. In this case, 

D flag can be used as the general flag. 

(2) P2, P4: Prescribing the function of port 2 and port 4. 

Port 2 and port 4 are the 4-bit ports to which the input or 
the output can be designated. 

The 4-bit ports are expressed by the one-figure numeric 
characters of hexadecimal digit by defining the input as 
"0" and the output as "1" for each bit. 


161 




o P2/F/, P4/F/ - Prescribing both port 2 and port 4 as the 
output. 

o P2/F/, P4/3/ - Prescribing the upper 2 bits of port 4 

the input, with the others being the output. 

o P2/0/, P4/F/ - Prescribing port 2 as the input and port 4 
as the output. 

o P2/0/, P4/3/ - Prescribing the lower 2 bits of port 4 as 

as the output, with the others being the input. 

o P2/0/, P4/0/ - Prescribing both port 2 and port 4 as the 
input. 

(3) P13: Prescribing the function of the input resistance at 

port 5. 

o PI50 - Input port 5 comes to the input with pull-up 
resistance. 

o PI51 - Input port 5 comes to the input with pull-down 
resistance. 

(3) DECODER-PLA Options 

The decoder and PLA options are the data writing mode in which 
user designates the data. P06 option is used according to the 
function of PLA. 
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Option Names 

Designation of Oprions 

DECODER 

Data writing mode 

.. ■■ 

P06 

1 (P6/P7) 

0 (P 6 ) 

PLA 

General output port 

Data writing mode 


1 DECODER: Prescribing the contents of decode matrix. 


Operation processing and internal data are processed with 4 bits. 
However, at the output port 5, 5-bit data are produced as the 
output after the conversion into 5 lines by the decode matrix. 


(MSB) 


(LSB) 


d 3 


d 2 


aj x 
'■d *H 

o u 


DEC4 


DEC3 

u 

DEC2 

a) 

U 

CA 

DEC1 

•rl 

00 

CL) 

DECo 

Pi 




-b—D PO52 

-OHH p ° 51 

-{>-□ PO50 


The following explanation is made for the purpose of explain¬ 
ing the contents of decode matrix and has no direct relations 
with the design patterning in the actual LSI. Give your kind 
attention to this point. 


The logic of decode matrix can be expressed by the following 
formula. (See the above diagram.) 

^DECi = D 3 • D 2 • D X • Do (i = 0 - 4) 

Where, the selection is practicable as to 
Dj (j =0-3) = dj or dj or 1 

As to the designation o-f decode matrix, it is possible to define 
the selection as "l",'to define non-selection as " 0 ", and to 
express d 3 , d 3 , d 2 , d 2 , dp, d]_, do, and do as the continuous 
8 -bit data (d 3 shall be MSB) with the figures of hexadecimal 
two digits. 
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^3, d 3 j ^2 , d 2 

dl 9 d^ | d Q ^d Q 

X 

X 

X 

X 

1 j j 

X • X 1 X 1 X 

_1_1-1- 


t _ .T =r 


x = 1 (Selection) or 
0 (Non-selection) 


Hexadecimal two digits 


Note: Dj = dj (dj, dj) = (Selection,Non-selection)=(l, 0) 

Dj = dj (dj, dj) = (Non-selection,Selection)=(0, 1) 

Dj = 1 (dj, dj) = (Non-selection,Non-selection)=(0,0) 

It is meaningless to select both dj and dj 


Attention shall be given to the fact that the output comes to 
"l" except initialization in case where the designation of 
(Non-selection, Non-selection) is made to all bits (DECi=1). 


o In case where PO 50 terminal output is "H" when the data 
"1" are written in the output port 5,and the output is "l ’ 1 
when other data are written: 

Logic: DECO = d3 • d2 • dl • dO 

l d3^d3 d 2 _d 2 dl dl^ 0 _do 

Designation: DECO = !~1 0 1 0~!~1 0 0 1~"j = X' A9’ 

o In case where PO 54 terminal output is "H" when the data "C" 
~ "F" are written in the output port 5>and the output is 
"L" when other data are written: 


, Logic: DEC4 = d3 • d2 

\ d3_d_3_d2_d_2 d^dl_d ^ d0 

^Designation: DEC4 =[~0 1 0 1 |~0 0 0 0~| = X’ 50’ 

I-1_I 

o In the case of PO 51 terminal when the output of data written 
in the output port 5 is desired: 
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T CP4C30AP 

/Logic: DEC = dl 

\ d3 d3 d2 d2 dl dl dO dO 

\ I-1-1 

x Designation: DEC1 =|0 0 0 0|0 1 0 0| = X’ 04' 

1-1-1 

* Refer to the examples of data designation. 

(2) P06: Prescribing the function of port 6. 

o P060 ~ Port 6 is used as the 8-bit PLA data output port. 

o P061 - Port 6 is used as the two 4-bit general output port. 

(No designation can be made as to the contents of 
PLA.) 

(3) PLA: Prescribing the contents of PLA. 

Operation processing and internal data are processed with 4 bits. 
However, at the output port 6, 8-bit data are produced as the 
output after the conversion into 8 lines by PLA. 



The following explanation is made for the purpose of explain¬ 
ing the contents of PLA and has no direct relations with the 
design patterning in the actual LSI. 

Give your kind attention to this point. 
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PLA can be expressed as the 16 words x 8 bits memory. (Refer 
to the above diagram.) Nemaly, the 4-bit write data is the 
address of PLA, and the 8-bit data read out from PLA comes to 
the output data on the output port terminals. 


Write 

data 

Address 

Write 

data 

Address 

Write 

data 

Address 

Write 

data 

Address 

0 

PLA0 

4 

PLA4 

8 

PLA8 

12 

PLAC 

1 

PLA1 

5 

PLA5 

9 

PLA9 

13 

PLAD 

2 

PLA2 

6 

PLA6 

10 

PLA A 

14 

PLAE 

3 

PLA3 

7 

PLA7 

11 

PLAB 

15 j 

PLAF 


The designation of PLA data is made to addresses by expressing 
the 8-bit data, which are MSB in P067 terminal output and LSB 
in P060 terminal output, with 2-figure numeric characters of 
hexadecimal digit. 


o In case each output between PO 67 terminal and P060 terminal 
comes to H, L, H, H. L, H. H, and L when data "5" are written 
in the 8-bit output port 6, 


P 0 g 6 POgz* P 0 62 PO 60 

PO 67 P06S PO 63 PO 61 

PLA 5=|-T-1 = X’ 

•lOlllOllOi 

I_L_I 


B6 ’ 


f 

(P0 62 ) 


a(P0 67 ) 


(POfa) 


/kpo.; I< 


b 

(P<U 


(PO.s) 

h • 

(P0 6O ) 



o In case data "3 M are written in output port 6 or output 
port 7 to use it as the 4-bit general output port. 


P0 66 P0 6 

po 67 po 65 

I-1- 

PLA 3='0 0 1 1 I 0 0 1 



X’ 33’ 


-Port 7 - 


^Port 6 - 
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Therefore, if data "3" are written in output port 7, each 
output between P067 terminal and P064 terminal comes to L, 
L, H, and H. At this time, each input to register 6 (con¬ 
nected to P063 terminal- P060 terminal) comes likewise to 
0 , 0 , 1 , and 1 , but each output does not change because no 
setting is made to the register. This applies to the re¬ 
verse case comes likewise. 

o Refer to the examples of the designation of data. 


Examples of the Designation of Data for Decode Matrix and PLA 


X 

Examples of 
General port 

Examples of 5-1 Fig. 
dynamic indication 


General port 

Examples of seg¬ 
ment display 


DECO = dO 

DECO = d3 d2 dl dO 


PLA 0= /00/ 

PLA 0 = /FC/ 

CJ 

DEC1 = dl 

DEC1 = d3 d2 dl dO 


PLA 1= /ll/ 

PLA 1= / 60/ 

•H 

t»0 

O 

DEC2 = d2 

DEC2 = d3~ d2 dl dO 


PLA 2= /22/ 

PLA 2= /DA/ 

H-1 

DEC3 = d3 

DEC3 = d3 d2 dl dO 


PLA 3= /33/ 

PLA 3= /F2/ 


DEC4 = d3 

DEC4 = dl d2 dl dO 


PLA 4= /44/ 

PLA 4= / 66 / 

cd 

4-1 

DECO = /01/ 

DECO = /A9/ 


PLA 5 = /55 / 

PLA 5= /B 6 / 

<d 

Q 

DEC1 = /04/ 

DEC1 = /A 6 / 


PLA 6= / 66 / 

PLA 6 = /BE/ 

g 

DEC2 = /10/ 

DEC2 = /A5/ 


PLA 7 = /77/ 

PLA 7 = /E4/ 

too 

•H 

DEC3 = /40/ 

’DEC3 = /9A/ 


PLA 8 = / 88 / 

PLA 8 = /FE/ 

<0 

DEC4 = /80/ 

DEC4 = /99/ 


PLA 9= /99/ 

PLA 9 = /F 6 / 




PLA A = /AA/ 

PLA A = /FD/ 


(Evaluator built-in option) 






PLA B = /BB/ 

PLA B= /00/ (blank) 




PLA C = /CC/ 

PLA C = /02/ 




PLA D = /DD/ 

PLA D = /CE/ 




PLA E = /EE/ 

PLA E = /9E/ 




PLA F = /FF/ 

PLA F = / 8 E/ 

i__ 


(Evaluator built-in option) 
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MASK ROM DATA TAPE FORMAT 


'COMMENT' 
(CR) O 


N8 ; 
(CR) (£ 2 ) 
RXXXX ; 

Xxx Px ; 

xxx Px ; 


xxx px 

<CR>0> 

R xxxx 

xxx Px 
i 
i 
I 

(c|) (2D 

$ 


Leader Output of more than 50 characters of "NULL” 

(No other symbols than ’’NULL" should be 
existent.) 

Comment Output of six characters starting from the 
beginning of character train defined by TTL 
statement of source program and two characters 
of serial number, with apostrophe. (when no 
TTL statement exist, output of six characters 
of space code and two chareaters of serial 
number.) 

Output of "N8 M indicating that the date pattern is 8 
bits long. (The program data follow this code.) 

Output of the program start address following "R" in 
four frames of decimal ASCII code. 


1 st address data 
and check sum 

2 nd address data 
and check sum 


xxxPx 


Check sum 

Number of data bits having 
"l" is output. 


8 th 
and 

9 th 
9 th 


address data 


*-Data 


check sum J 
program address 


Two-characters of eight bit 
data are output, in two frames 
of hexadecimal ASCII code. 


address data and check sum 


Repeated output through the last data 


Output of indicating the end of program data 


I 


Trailer: Output of more than 50 characters of "NULL". 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TCP4620AP 

TCPA63GAP 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

VDD 

Supply Voltage 

-0.3V to + 7.0V 

VlN 

Input Voltage 

-0.3V to VDD + 0.3V 

VOUT 

Output Voltage 

-0.3V to VDD + 0.3V 


Power Dissipation 

600 mW 

Tsoi 

Soldering Temperature 

260°C (10 SEC) 

T stg 

Storage Temperature 

-55°C to + 125°C 

Topr 

Operating Temperature 

-30°C to + 85°C 


ALLOWABLE OPERATING CONDITIONS 


SYMBOL 

ITEM 

Condition 

VDD = 3v to 6V 

Vdd = 4V to 6V 

Ta 

Ambient Temeprature 

-30°C to + 85°C 

-30°C to 85°C 

VOH 

Output High Voltage 

Min. Vdd -3.5VU1.5V) 

Min.VDD -3.5V (>1.5V) 


V 0L 

Output Low Voltage 

Max. 3V 

Max. 3V 

fx 

Xtal Operating Frequency 

20KHz to 2MHz 

20KHz to 4.2MHz 

t cy 

Cycle Time 

40ps to lOOps 

IOjjs to lOOps 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TCP4G20AP 

TCP4G30AP 


DC CHARACTERISTICS (Ta=-30°C to +85°C, Vdd= 3V to 6 V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

(Note 1) 

MAX. 

UNIT 

VlH 

Input High Voltage 


Vddx0.75 

- 

vdd 

V 

VDD ^ 4 V 

VddxO.7 

VddxO.55 

vdd 

VlHS 

Input High Voltage 
(Schmitt) 


VDDxO.9 

VddxO.75 

vdd 

VDD ^ 4V 

VDDxO .85 

- 

vdd 

VlHC 

Input High Voltage(XiN Input) 


VddxO.75 

- 

vdd 

VlL 

Input Low Voltage 


0 

VddxO.45 

v DDx0.3 

VlLS 

Input Low Voltage 
(Schmitt) 


0 

VDDxO.35 

VddxO. 1 

v D d s 4v 

0 

- 

VddxO. 15 

VlLC 

Input Low Voltage (Xjn Input 


0 

- 

VddxO.25 

IlH 

Input High Current 

VDD= 6 V, Vin= 6 V 

_ 

- 

20 

yA 

IlL 

Input Low Current 

VDD= 6 V, VIN=0V 

- 

- 

-20 

Rin 

Input Resistance (PI 5 ) 

Vdd=5V 

75 

150 

350 


VOH 

Output High Voltage 

VDD=5V, ^ UtpUt 

Open 

4.7 

4.9 

- 

V 

VOL 

Output Low Voltage 


0.1 

0.3 

X 0H 

Output High Current 

V dd =4.5V,Voh=2.4V 

-0.7 

-2 

- 

mA N 

IOH1 

Output High 

Curtent ( p °5, p 0 6 ) 

-2.5 

-6 

- 

VDD=5V, Voh=4.2V 

- 1.1 

-2.5 

- 

I0L 

Output Low Current 

Vdd=4.5V, VOL=0.45V 

1.6 

4 

- 

IOL 1 

Output Low Current (P05,P06) 

3.5 

8 

- 

IDDO 

Vd D Supply 
Current in 
Normal 
Operation 

(fx=32.8 KHz) 

Vdd= 6 V 

VlN=5.9V/0.1V 

(All valid) 

PI 5 Open 

C L = 50pF 

(Note 3) 

- 

50 

300 

pA 

(fx=100 KHz) 

- 

150 

450 

(fx=400 KHz) 

- 

400 

1200 

(fx=4.19 MHz) 

- 

1000 

3000 

i dih 

Vdd Supply 
Current in 
Hold 

Operation 

(fx=32.8 KHz) 

- 

15 

80 

(fx=100 KHz) 

- 

40 

120 

. (fx=400 KHz) 

- 

150 

450 


Note 1 * Typical values are at Ta=25°C and VdD=5V. 


Note 2: Output characteristic excludes XouT terminal. 

Note 3: Xjn input waveform at the time of measuring Vpp supply current. 


90% 

10 %"j| 

t 


— 


* 


O.IVdd 

tr 


0.9VDD 


tf 


/duty = 50% \ 
\tr,tf < 50ns/ 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4fc20AP 

TCP4630AP 


AC CHARACTERISTICS (Ta=-30°C to +85°C, V D d= 3V to 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tWXIN 

XIN Pluse Width 

External Input 

vin=v ihc /v ilc 

0.4/fx 

- 

0. 6/f x 

SEC 

C WRESET 

RESET Pulse Width 

vin = Vihs/Vils 

2 tcy 


- 

ps 

tWINT 

INT Pulse Width 

2 tcy 


- 

tWP!60 

PI60 Pulse Width 

2 tcy 

- 

- 
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fK3E 


INTEGRATEDCIRCUIT 

TECHNICAL DATA 


"c 2 mos" digital integrated circuit 

TCP462QAF 

TCP4630AF 

SILICON MONOLITHIC 


CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 

This is the specification for TCP4620AF/TCP4630AF in the TLCS-46A 
family. 

TCP4620AF/TCP4630AF is a flat package version of TCP4620AP/TCP4630AP. 
There are some differences in electrical characteristics between TCP4620AF/ 
TCP4630AF and TCP4620AP/TCP4630AP; however, their function, instruction, 
and pin description are compatible. 

When using and examining TCP4620AF/TCP4630AF, therefore, it is recommended 
that this specification be used together with the technical data on 
TCP4620AP/TCP4630AP. 

The differences in electrical characteristics between the two are as 
follows: 

1. Power Dissipation 

P D = 400 mW MAX 

2. Operating Temperature and Ambient Temperature 

T opr = ~ 20 t0 70 ° c 
T a = -20 to 70°C 
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Toshiba 

INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TCP4620AF 

TCP4630AF 


TCP4620AF /TCP4630AF ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

Rating 

V DD 

Supply Voltage 

-0.3V to +7.0V 

VlN 

I.nput Voltage 

-0.3V to VDD+0.3V 

v OUT 

Output Voltage 

-0.3V to V dd +0.3V 

PD 

Power Dissipation 

400mw 

Tsoi 

Soldering Temperature 

260°C(10 SEC) 

T stg 

Storage Temperature 

-55°C to +125°C 

Topr 

Operating Temperature 

-20°C to +70°C 


ALLOWABLE OPARATING CONDITION 


SYMBOL 

ITEM 

Condition 

Vdd= 3V to 6V 

Vdd= 4V to 6V 

Ta 

Ambient Temperature 

-20°C to +70°C 

-20°C to +70°C 

VOH 

Output High Voltage 

Min. VDD -3.5V(>1.5V) 

Min. VpD -3.5V(>1.5V) 

V 0L 

Output Low Voltage 

Max. 3V 

Max. 3V 

fx 

Xtal Operating Frequency 

20KHz to 2MHz 

20KHz to 4.2MHz 

tcy 

Cycle Time 

40 ys to lOOys 

10ys to 100ys 
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INTEGR ATEDCIRCUIT 


TCP4620AF 

TCP4630AF 


TECHNICAL DATA 


DC CHARACTERISTICS (Ta=-20°C to 70°C, V D d= 3V to 6 V) 


SYMB01 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

(Note 1) 

MAX. 

UNIT 

VlH 

Input High Voltage 


VDDxO.75 

- 

vdd 

V 

Vdd 1 4v 

VdDxO.7 

V DDxO.55 

Vdd 

VlHS 

Input High Voltage ('Schmitt) 


VDDxO.9 

VdDxO.75 

vdd 

VDD ^ 4V 

VdepcO • 85 

- 

vdd 

V IHC 

Input High Voltage (Xjn Input) 


VdDx0.75 

_ 

vdd 

VlL 

Input Low Voltage 


0 

VdDxO.45 

VddxO. 3 

V ILS 

Input Low Voltage 
(Schmitt) 


0 

VddxO.35 

VddxO.1 

Vdd * 4v 

0 

- 

VddxO.15 

V ILC 

Input Low Voltage (Xjn Input) 


0 

- 

VLDxO.25 

IlH 

Input High Current 

Vdd=6V, Vin=6V 

- 

- 

20 

yA 

Til 

Input Low Current 

VdD=6V, Vin=0V 

- 

- 

-20 

Rin 

Input Resistance (PI5) 

Vdd=5V 

75 

150 

350 

Kft 

VOH 

Output High Voltage 

VdD = 5V, Output Open 

4.7 

4.9 

- 

V 

VOL 

Output Low Voltage 

- 

0.1 

0.3 

lOH 

Output High Current 

V D D = A•5V,V 0 H“2.4V 

-0.7 

-2 

- 

mA 

lOHl 

Output High Current 

(P 05 , P 06 > 

'-2.5 

-6 

- 

Vdd=5V, VoH~4.2V 

-1.1 

-2.5 

- 

IOL 

Output Low Current 

VdD=4.5V, Vol = D.45V 

1.6 

4 

- 

I0L1 

Output Low Current (PO 5 , P06) 

3.5 

8 

- 

IDDO 

Vdd Supply 
Current in 
Normal Opera¬ 
tion 

(fx=32.8 KHz) 

Vdd= 6 V 

Vin= 5.9V/0.1V 
(all valid) 

PI 5 Open 

C L = 50 P F 

(Note 3) 


50 

300 

yA 

(fx=100 KHz) 

- 

150 

450 

(fx=400 KHz) 

- 

400 

1200 

(fx=4.19 MHz) 

- 

1000 

3000 

Tddh 

Vdd Supply Cur¬ 
rent in Hold 
Operation 

(fx=32.8 KHz) 

- 

15 

80 

(fx=100 KHz) 

- 

40 

120 

(fx=400 KHz) 

- 

150 

450 


Note 1: Typical values are at Ta=25°C and Vpp=5V. 

Note 2: Output characteristic excludes Xq UT terminal. 

Note 3: Xjn input waveform at the time of measuring Vdd Supply Current. 



O.IVdd 

tr 




0.9Vdd 



tf 


duty = 50% 
tr, tf < 50ns 
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TCPA630AF 

TCPA630AF 


AC CHARACTERISTICS (Ta=-20°C to +70°C, VDD=3V to 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYR 

MAX. 

UNIT 

t WXIN 

XIN Pluse Width 

External Input 

v in=Vihc/Vilc 

0.4/fx 

- 

0.6/f x 

SEC 

tWRESET 

RESET Pulse Width 


2 tcy 

- 

- 


tWINT 

INT Pulse Width 

VlN=Vxns/ v ILS 

2 tcy 

- 


ys 

t WPl60 

P160 Pulse Width 


2 tcy 

- 

- 



Note: Flat packages have a merit in assembly space, but they should be 

installed in better humidity and temperature environment than 
DIP's. 
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"c 2 mos" digital integrated circuit 

TCP4620BP 

SILICON MONOLITHIC 


CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 


tfoSuba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TENTATIVE 1 


This is the specification for TCP4620BP in TLCS-46A family. 

TCP4620BP is one version of TLCS-46A developed for the purpose of re¬ 
ducing the power consumption at hold operation so as to correspond to the 
applications having utilized the features of a CMOS microcomputer. 
TCP4620BP has realized the following charactristics. 


Supply Current in hold operation 
Hold voltage in hold operation 


IDDHS TYP.=0.1yA(V DD HS=2V) 
VDDHS = 2V to 6V 


TCP4620BP is a version of TCP4620AP to which the oscillation control 
(stop/start) function of a clock generator in hold operation has been added. 
There are some differences in function, pin description, electrical 
characteristics, and mask option concering hold operation and oscillation 
contril between TCP4620BP and TCP4620AP; however, other functions, electrical 
characteristics, instructions, and pin connections are compatible. 

When using and examining TCP4620BP, therefore, it is recommended that 
this specification be used together with the technical data on TCP4620AP. 

Main differences with TCP4620AP are as follows: 


1. Function 

o In hold operation, the input level of PI60 terminal makes possible the 
oscillation control (stop/start) of the oscillator, and the. oscillation 
stop enables the power consumption to be reduced. 

Supply Current in hold operation (Oscillation stop) 

IDDHS TYP.=0.lhA (Ta=25°C, V D q HS =2V) 

Hold Voltage in hold operation (Oscillation stop) 

V DDHS =2 V to 6 V 
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INTEGR ATEDCIRCUIT 


TCP4620BP 


TECHNICAL DATA 


2. Pin Description 

o In hold opeartion, PIfto terminal will function as an oscillation control 


terminal. 

PI6Q = "H" . Oscillation stop 

PI60 = "L" . Oscillation start (Continued.) 


o In either case of normal operation/hold operation, PI6Q terminal is the 
reset input terminal of the divider (2). 


PI60 = "H" . The divider (2) is reset. 

PI6Q = f, L" . The divider (2) is not reset. (Reset is re¬ 

leased. ) 


o No Schmitt circuits are built in the following two terminals: 

PI60, INT 

3. Mask Option 

The contents only indicated on the mask option sheet of TCP4620BP can 
be designated., 400 KHz ceramic oscillator/IFT oscillator can be used. 
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Toshiba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4620BP 


PIN NAMES AND PIN DESCRIPTION 


Pin Name 

Input/ Output 

Function 

o 

OJ 

TJ 

o 

o 

Input/Output 

4-bit general purpose I/O port (I/O is designated by 
a programe). Can be used as a dedicated output port. 
(Designated by mask options.) 

p 13 p 10 

Output 

4-bit general purpose output port. 

p 23 p 20 

Input or Output 

4-bit general purpose I nput/Output port. x nput /Output 

is design ted 

4-bit general purpose Input/Output port, by^qiask 

P 43 P 40 

Input or Output 

p 54 p 50 

Output 

5-digit output port for display. 

(Can be used as the general purpose output port.) 

P67 P60 

Output 

8-segment output port for display. 

(Gan be used as the general purpose 8-bit output 
port (4-bit x 2)) 

PI 53 PI 50 

Input 

4-bit general purpose input port. 

PI 60* 

Input 

1-bit general purpose input port/reset input of 
divider(2) [Note 1] (without Schmitt circuit). Dur 

ing hold operation this input functions as an 
input for stopping the oscillation and for controlling 
restart of the oscillator. * 

RESET 

Input 

Reset signal input 

INT 

Input 

Interrupt request signal input (without Schmitt circu¬ 
it). 

X IN 

Input 

Oscillator connecting terminal. 

x OUT 

Output 

Oscillator connecting terminal. 

CK 

Output 

External timing output. 

TEST 

Input 

LSI test signal input, used by connection to GND. 

V DD 


Power Supply 

GND 


GND 


Note 1) In either case of normal operation or hold 'operation, the divider (2) is 
reset at "H" level input. 

Note 2) * denotes the differences between TCP4620BP and TCP4620AP/TCP4630AP. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TCP4620BP 


HOLD OPERATION 

The hold operation of TCP4620BP is performed by setting "1" to H flag. 
In other words, immediately when "1" is set to H flag by execution of SBS, 
IBS, and LSM instructions, the internal timing signals s and <b are stopped 
and TCP462QBP begins hold operation. (Refer to Figs. 1 and 3.) 

During hold operation the program counter, instruction register, data 
memory, and other internal registers hold the contents stored before hold 
operation. However, the interrupt latch is cleared during hold operation, 
the waiting interrupt request and a new interrupt request are ignored. 


The oscillation of oscillator is suspended by holding PI60 terminal to 
"H" level during hold operation, so that the power consumption may be saved 
greatly.That is, while H flag A PI60 = 1* the oscillation is suspended. 

(Refer to Fig. 3.) 

TCP4620BP is restarted from hold operation due to reset of H flag to 
"0" by the rising signal of the counter buffer C2 bit. 

Since the counter buffer is the output of the divider (2) which is 
counting the internal basic clock (cp), TCP4620BP is restarted at regular 
intervals if oscillation is not suspended during hold operation. (Refer to 
Fig. 2.) This is the same operation as the hold operation of TCP4620AP/ 
TCP463QAP. (However, there is a difference in nothing but restart condi¬ 
tion by mask option between *them.) 

When the oscillation is suspended during hold operations, restart opera¬ 
tion begins in the lapse of a certain period of time after a start of 
oscillation by holding PIgo terminal to "L" level. (Refer to Fig. 4.) 

Special attention should be paid to the fact that in TCP4620BP the divider 
(2) is reset to "0" by holding PI^q terminal to "H" level. 
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INTEGRATEDCIRCUIT 


TCP4620BP 


TECHNICAL DATA 


PI 60 



_ 

0 n n r _ 

Normal Operation Hold Operation 

Counter ^Address A ^Address A+l~^ Address A + 2 

Instruction V ^Instruction V Instruction of 

Register A _ Aof Address A A _ Address A + 1 

H Flag I 


Fig. 1 Timing to Hold Operation (Oscillation Continuity) 



Hold Operation Normal Operation 


0 S 


0 





Program 

Counter 

Address A 3- 2 

^Address A : '' ^ 

i 


Instruction of Address H-2 

Instruction 

Register 

Instruction of Address 

«x a: x x 


Instruction of Address A-f3 

Fig. 2 Restart Timing from Hold Operation (Oscillation 
Continuity) 



TCP4620BP 


TECHNICAL DATA 


Oscillation Stop 


Program 

Counter 


Normal Operation 


Hold Operation 


Address A X Address A+l X Address A + 2 


Instruction 

Register 


' Instruction V Instruction of 
\of Address AA Address A+l 


Fig. 3 Timing to Hold Operation (Oscillation Stop) 


Oscil- 
PI60 lation 
Stop 


H Flag. Reset 
Enable 


Hold Operation 


-Normal Operation 




Program 

Counter 


Instruction 

Register 


Address A + 2 


Instruction of Address A+l 


Instruction of Address A+2 


Instruction of /ddress A+3 


Fig. 4 Restart Timing from Hold Operation (Oscillation Stop) 





tfoSuba 


INTEGRATEDCIRCUIT 


TCP4620BP 


UtilE TECHNICAL DATA 


TCP4620BP MASK OPTION 1 

TYP011 


Oscillating 

Frequency 

0 s c 

0 5 0 
400K 
Ceramic 
IFT 

Frequency diyision for 
internal clock 

CP 

Q2 

Ext. timing output 

CK 

CP 

Diyider 1 input 

PD 

CP ■ 

COUNTER Diyider 3 input 

COUNTER PDR 

PD2 

Reset Timing 

PDR 

N 

Buffer 0 input 

CO 

PI60 

COUNTER Buffer 1 input 

COUNTER Cl 

RD7 

BUFFER Buffer 2 input 

BUFFER C2 

RDA 

Buffer 3 input 

C3 

RDD 

H Flag 

HOLD 

H 

Restart Signal 

RSTH 

C2 Rise 



I/O Port Port 0 

STD 

D(PROG) 

1 (OUT) 


Input/Output Port 2 

P2 

/F/(OUT) 

/F/(out) 

/0/(IN) 

/0/(IN) 

/0/(IN) 

port Port 4 

P4 

/F/(OUT) 

/3/0N/OUT) 

/F/(OUT) 

P 

£3 

O 

n 

ro 

/0/(IN) 

input resistance 
r input port 5) 

PI5 

0 (UP) 

1 (DOWN) 


Line 0 

DECO 

/ / 



DECODE Line 1 

DEC1 

/ / 


MATRIX Line 2 

DECODER DEC2 

/ / 

Line 3 

DEC3 

/ / 

Line 4 

DEC4 

/ / 



Output Port 6/7 

P06 

1(P6/P7) 

0 (P6) 


Line 0 

PLAO 

/ o 6 7 

/ / 

Line 1 

PLA1 

/ 1 1 / 

/ / 

Line 2 

PLA2 

/ 2 2 / 

/ / 

Line 3 

PLA3 

/ 3 3 / 

/ / 

Line 4 

PLA4 

/ 4 4 / 

/ / 

Line 5 

PLA5 

/ 5 5 / 

/ / 



Line 6 

PLA6 

/ 6 6 / 

/ / 


P L A T . -j 

Line 7 

P L A PLA7 

iiii 
/ 8 8 / 

/ / 


Line 8 

PLA8 " 

/ / 

Line 9 

PLA9 

/ 9 9/ 
7 A A T 
/ B B / 

/ / 



Line A 

PLAA 

/ / 

/• / 


Line B 

PLAB 

Line C 

PLAC 

/ c c / 

/ / 


Line D 

PLAD 

/ D D / 

/ / 


Line E 

PLAE 

/EE/ 

/ / 

Line F 

PLAF 

/ F F / 

/ / 


o INT and PI60 are normal input terminal containing no Schmitt circuit, 
o In Hold operation, oscillation is stopped at PlGO^'H” and starteu at Pl60 = "L". 
o Divider (2) is reset at Pl60 =n H". 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TCP4620BP 


ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

v DD 

Supply Voltage 

-0.3V to +7.0V 

V IN 

Input Voltage 

-0.3V to V D j)+0.3V 

v OUT 

Output Volatge 

-0.3V to V dd +0.3V 

P D 

Power Dissipation 

600 mW 

Tsoi 

Soldering Temperature 

260°C(10 SEC) 

T stg 

Storage Temperature 

-55°C to +125°C 

T °P r 

Operating Temperature 

-30°C to + 85°C 


ALLOWABLE OPERATING CONDITIONS 


SYMBOL 

ITEM 

CONDITION 

V DD 

Supply Voltage 

> 

o 

4-1 

> 

Ta 

Ambient Temperature 

-30°C to +85°C 

o 

> 

Output High Voltage 

Min. V DD -3.5V(>1.5V) 

V OL 

Output Low Voltage 

Max. 3V 

fx 

Xtal Operating Frequency 

40KHz to 400KHz 

tcy 

Cycle Time 

10ys to lOOys 

Vddhs 

Hold Voltage at Hold Operation 
(Oscillation Stop) 

2V to 6V 


186 







tfoSuba 


INTEGRATEDCIRCUIT 


TCP4620BP 



TECHNICAL DATA 


Normal Operation 

DC CHARACTERISTICS (Ta=-30°C to +85°C, Vdd= 4V to 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

(Notel) 

MAX. 

UNIT 

V IH 

Input High Voltage 


VdDxO.7 

- 

Vdd 

V 

VlHS 

Input High Voltage (Schmitt) 


VDDxO.85 

- 

vdd 

VlHC 

Input High Voltage (XpN) 


VddxO.7 5 

- 

vdd 

VlL 

Input Low Voltage 


0 

- 

VddxO.3 

VlLS 

Input Low Voltage (Schmitt) 


0 

- 

VddxO.15 

VlLC 

Input Low Voltage (Xin) 


0 


VddxO-25 

I IH 

Input High Current 

Vdd= 6 V,Vin= 6 V 

- 

- 

20 

yA 

llL 

Input Low Current 

VdD=6V,Vin=0V 

- 

- 

-20 

r IN 

Input Resistance (PI 5 ) 

Vdd=5V 

75 

150 

350 

ktt 

VOH 

Output Higlh Voltage 

VdD = 5V,Output Open- 

4.7 

4.9 

- 

V 

VOL 

Output Low Voltage 

- 

0.1 

0.3 

lOH 

Output High Current 

Vdd=4.5V,VoH=2.4V 

-0.7 

-2 

- 

mA 

tOHl 

Output High Current 
(P05, P06) 

-2.5 

-6 

- 

Vdd=5V, VOH=4.2V 

- 1.1 

-2.5 

- 

lOL 

Output Low Current 

Vdd=4.5V, V O l=0-45V 

1.6 

4 

- 

I0L1 

Output Low Current (P05,P06) 

3.5 

8 

- 

Iddo 

V DD Supply Current in 

Normal Operation 

V DD = 6 V, fx=400kHz 
Vin=5.9V/0.1V 

PI5 Open, 

CL=50pF (Note 3) 

- 

400 

1200 

yA 

Iddh 

Vdd Supply Current in Hold 
operation (Oscillation Cont.) 

- 

150 

450 


Note : Typical values are at Ta=25°C 

Note : Output characteristic excludes Xqut terminal. 

Note : Xjn input waveform at the time of measuring Vdd Supply Curren 


90% 

io% 


yj /o i 

l/ 


o.l vdd 

tr 


0.9 vdd 


-ff 


duty = 50% 


tr,tf < 50ns 
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INTEGR ATEDCIRCUIT 


TCP4620BP 


1^2 TECHNICAL DATA 

[Normal Operation] 


AC CHARACTERISTICS (Ta=-30°C to +85°C, V DD =4V to 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

— 

MAX. 

UNIT 

tWXIN 

XIN Pluse Width 

External Input 
VlN-V IH c/ViLC 

0.4/fx 

- 

0 .6/fx 

SEC 

t WRESET 

RESET Pulse Width 

V IN =V IHS y/V ILS 

2 tcy 

- 

- 


tWINT 

INT Pulse Width 

V IN = V IH/ V IL 

2 tcy 

- 

- 

J 

twpi6o 

P160 Pulse Width (Note 1) 


2 tcy 

- 

- 

ps 


Note 1 : PIf,o terminal used for general purpose input port. 
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INTEGRATEDCIROJIT 

TECHNICAL DATA 


TCP4620BP 


Hold Operation (Oscillation stop) 


DC CHARACTERISTICS (Ta=-30°C to 85°C, Vpp=2V to 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. N 
(Notel) 

MAX. 

UNIT 

V DD 

Hold Voltage in Hold operation 


2.0 

- 

6.0 

V 

iDDHS 

V-qq Supply Current in Hold 

Mode 

V DDHS=2V, V IN = i•9V/ 

0..1V PI5 Open 
VRESET= V DDHS 

- 

0.1 

T.B.D. 

yA 

V DDHS=5V. v IN= 4.9V/ 
0.1V PI5 Open 

V RESET= V DDHS 

- 

0.2 

T.B.D. 

V IHHS 

Input High Voltage (P160) 

v DDHS=2V 

1.9 

- 

- 

V 

r IN 

Input Registance (PI5) 


75 

150 

350 

m 

iOHHS 

Output High Current 

Vddhs=2V',v 0H =iv 

- 

-0.4 

- 

mA 

I 0H1HS 

Output High Current(PI5,PI6) 

V DDHS =2V ’ V OH =1V 

- 

-0.9 

- 

mA 

I OLHS 

Output High Current 

v ddhs= 2v > v ol=°- 45v 

- 

2.0 

- 

mA 

I 0L1HS 

Output High Current(P05,P06) 

V DDHS= 2V - V 0L=°- 45V 

- 

3.5 

- 

mA 


Note 1 : Typical values are at Ta=25°C. 

Note 2 : The limits of Vi^HS* I()HHS> loLH S and I QL1HS are e qual to the limits of 

VlH, IOH, I0H1, IOC and loci in [Normal Operation] respectively. 

(VddHS 4V) 


AC CHARACTERISTICS (Ta=-30°C to 85°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tWRST 

Restort Internal from Hold 
operation 

V IH/VlL 

7 dd = 4 V to 6 V 

- 

2050tcy 

- 

y s 
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INTEGRATEDCIRCUIT 


TCP4620BP 


TECHNICAL DATA 


APPLICATION EXAMPLES 

[1] Battery Backup 

It is thinkable that there is a backup method which utilizes a battery 
and a capacitor, as application of the system required to uninter¬ 
ruptedly resume the process before cutting-off of the power supply 
when the power supply has been restored after the power supply was 
cut off during the operation of the system. 

Fig. 1 shows the example of utilizing a battery and Fig. 2 shows 
the example of utilizing a capacitor. In both the cases, the operations 
are almost identical. Let us explain the circuit operation of the 
example (Fig. 1) of utilizing a battery. 

Under the condition of "Main Power Voltage> Backup Voltage," 

the power (VDD) of TCP420BP is supplied from the main power supply. 

When Qi is ON, "L" level is applied to PI 50 terminal. 


In other words, the oscillator is in oscillation state, and the opera¬ 
tion of TCP4(320BP depends on a program. 

Under the condition of "Main Power Voltage< Backup Voltage," 

the power (Vdd) of TCP4620BP is supplied from the battery, and when 

Ql comes into OFF state, "H" level is applied to PI60 terminal. 

In other words, the oscillator depends on the operating state of 
TCP4620BP, and if it is in hold state,,oscillation is stopped. 

When TCP4620BP is put to hold state immediately after the power supply 
has been cut off, the oscillation is stopped, permitting a backup for 
a long period time. 
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I LwivMI LL/vJivvUi I 
TECHNICAL DATA 


TCP4620BP 


Main 

Power 

Supply 



Main 

Power 

Supply 



Fig. 2 Example of Backup Circuit by Use of Capacitor 





INTEGRATEDCIRCUIT 


TCP4620BP 


TECHNICAL DATA 


[2] Restart by Key Input 

The possibility of a remote control system utilizing TCP4620BP can be 
considered as application of a system which operates only when the key 
is fed. 

Let us explain the example of application in Fig. 3. Usually 
TCP4620BP is in hold state, and only when the key is fed, the hold 
state is released to perform the process according to the input data. 

In other words, TCP4620BP is put to hold state after data X’F' has 
been output (putting SW1 to SW16 to selection state) to its output 
port 1 (PI). 

When the keys (SWl to SW16) are depressed in this state, "L" level is 
applied to PI60 terminal and the hold state is released after certain 
period of time. 

The keys are scanned after the release of hold state, and the process 
is performed according to the key input data. After processing, the 
data output (X f F*) to the output port 1 (Pi) and a hold state are 
established. 

In such an application, TCP4620BP operates only when a key is depressed, 
permitting a sharp reduction in power consumption and a better display 
of the functions of TCP4620BP. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TCP4621AP 

C2-M0S digital integrated circuit 

SILICON MONOLITHIC 


GENERAL DESCRIPTION 

The TCP4621AP is a CMOS 4-bit single chip microcomputer most suitable for 
applications of driving fluorescent display tubess and of interfacing with 
high voltage circuits. 

Output high breakdown voltage: 

Vdd - 32V (Absolute max. rating VDD “ 35V) 

'Output high breakdown voltage port: 

14 ports (PO^q to PO 57 , PO 50 to PO 54 , P 10 ) 

The TCP4621AP has adopted the P-channel Open Drain structure of some output ports of 
the TCP4620AP, resulting in high breakdown voltage. There are some difference be¬ 
tween the TCP4620AP and the TCP4621AP in electrical characterisitcs, pin 
functions, and mask options, but the other functions, electrical character¬ 
istics, instructions, and pin connections of the TCP4621AP are compatible 
with those of the TCP4620AP. For the use and study of this device, use 
jointly with TCP4620AP Technical Data. 

The following items are the points of difference in electrical characteristics. 

1. Operating temperature and ambient temperature 

Topr = -20 to +70°C 

Ta = -20 to +70°C 

2. Output high breakdown voltage port and output high level current 

I0H1 (P060 to PO 57 ) = -1mA MIN. (V dd =4.5V, V oh =2.5V) 

IOHl (PO 50 to PO 54 , P 10 ) = “7mA MIN. (Vj)d=4.5V, Vqh = 2.5V) 

3. Mask option 

The contents only which are shown on the TCP4621AP mask option sheet can 
be designated. 400 KHz ceramic/lFT can be used as an oscillator. 
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INTKRATOCIRCUIT 


TECHNICAL DATA 


TCP4621AP 


PIN NAMES & PIN DESCRIPTION 


Pin Name 

Pin No. 

Input/Output 

Function 

p 03 to ? 00 

4 

Input/Output 

4-bit general purpose I/O port (I/O is 
changed over by a program.) This port can 
be used as a dedicated output. (I/O is 
designated by mask options.) 

p 13 to p 10 

4 

Output 

4-bit general purpose output port 
* Pio only is a output high breakdown 
voltage port 

p 2 3 Co p 20 

4 

Input or Output 

4-bit general purpos Input/Output port 

P 43 to P 40 

4 

Input or Output 

Input/Output is designated by mask options. 

p0 54 

to 

p °50 

5 

Output 

* 5-digit Output high breakdown voltage 
port for display.' (Can be used as the 
general purpose output port.) 

P0 67 

to 

p0 60 

8 

Output 

* 8-segment output high breakdown port for 
display [Can be used as the general pur¬ 
pose 8-bit output port (4x2 bits).] 

p l53 
to PI 50 

4 

Input 

4-bit general purpose input port 

PI60 

1 

Input 

1-bit general purpose input port (with an 
internal Schmitt circuit) 

RESET 

1 

Input 

Reset input terminal (with an internal 
Schmitt circuit) 

INT 

1 

Input 

Interrupt request input terminal (with an 
internal Schmitt circuit) 

XlN 

1 

Input 

Oscillator connecting terminal 

XOUT 

1 

Output 

Oscillator connecting terminal 

C K 

1 

Output 

External timing output 

TEST 

1 

Input 

Used by connecting to GND at all times 

v dd 

1 


Power supply 

GND 

1 


GND 


Note) The asterisk(*) indicates the points of difference between the TCP4620AP 
and this device. 

Output high breakdown voltage ports are of P-channel open drain structure. 
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INTEGRATEDCIRCUIT 


TCP4621AP 


lUSE TECHNICAL DATA 


TCP4621AP MASK OPTIONS 


Oscillation 

frequency 

0 s c 

TYP021 

TYP022 


050 

400K 

ceramic 

I FT 

050 

400K 

ceramic 

I FT 

Dividing ratio for 
internal clock 

CP 

02 

02 

External timing output 

CK 

CP 

PD2 

1 Divider 1 Input 

PD 

CP 

CP 

§ _ Divider 3 Input 

COUNTER PDR 

PD2 

PD2 

o a) Reset timing 

PDR 

N 

/12500/ 

H Buffer 0 Input 

CO 

PI60 

PI60 

■u Buffer 1 Input 

COUNTER Cl 

RD7 

RDB 

d £3 Buffer 2 Input 

BUFFER C2 

RDA 

RDC 

o pq Buffer 3 Input 

C3 

ROD J 

RDD 

H flag 

HOLD 

0 

H 

Restart condition 

RSTH 

0 

C3 

Input/Out- port Q 

put port 

STD 

D(PROG) 

1 (OUT) 

. . Port 2 

P2 

/F/(OUT) 

/F/(OUT) 

/0/(IN) 

/ 0/(IN) 

/0/(IN) 

1/U Jrort -pv / 

Port 4 

P4 

/F/(out) 

/ 3/ (IN/OUT) 

/F/(OUT) 

/ 3 /(IN/OUT) 

/0/(IN) 

Input resistance 
(Input port 5) 

P15 

0 (UP) 

1 (DOWN) 


Line 0 

DECO 

/ / 



Decode Line 1 

DEC1 

/ / 


matrix Line 2 

DECODER DEC2 

/ / 

( P05 ) Line 3 

DEC3 

/ / 

Line 4 

DEC4 

/ / 



Output port 6/7 

P06 

1(P6/P7) 

0 (P6) 


Line 0 

PLAO 

/ 00 / 

/ / 

Line 1 

PLA1 

/ 11 / 

/ / 

Line 2 

PLA2 

/ 22 / 

/ / 

Line 3 

PLA3 

/ 33 / 

/ / 

Line 4 

PLA4 

/ 44 / 

/ / 

Line 5 

PLA5 

/ 55 / 

/ / 

Line 6 

PLA6 

/ 66 / 

/ / 

A Line 7 

PLA7 

/ 77 / 

/ / 

rron Line 8 

P L A PLA8 

/ 88 / 

/ . / 

(P06) Line 9 

PLA9 

/ 99 / 

/ / 

Line A 

PLAA 

/ AA / 

/ / 

Line B 

PLAB 

/ BB / 

/ •/ 

Line C 

PLAC 

/ CC / 

/ / 

Line D 

PLAD 

/ DD / 

/ / 



Line E 

PLAE 

/ EE / 

/ / 


Line F 

PLAF 

/ FF / 

/ / 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

Vdd 

Supply Voltage 

-0.3 to +7.0 

VlN 

Input Voltage 

-0.3 to V dd +0.3 

v OUTl 

Output Voltage 
(except P05,P06,P10) 

-0.3 to V DD +0.3 

V OUT2 

Output Voltage 
(P0 5 ,P0 6 ,P10) 

VDD-35 to Vdd+0.3 

P D 

Power Dissipation 

600 

Tsoi 

Soldering Temperature•Time 

260 (10 SEC) 

Tstg 

Sotrage Temperature 

-55 to +125 

Topr 

Operating Temperature 

-20 to +70 

ALLOWABLE OPERATING CONDITIONS 

SYMBOL 

ITEM 

RATING 

Vdd = 4 to 6V 

Ta 

Ambient Temperature 

- 20 to +70 

VOUT 

Output Voltage 
(P06, P0 5 , P 10 ) 

Max. Vdd - 32 

fx 

X'tal Operating Frequency 

40 to 400 

tcy 

Cycle Time 

10 to 100 
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INTEGR ATEDCIRCUIT 


TCP4621AP 


TECHNICAL DATA 


DC CHARACTERISTICS (Ta = -20°C to + 70°C, Vp D = 4V to 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 


RATING 


UNIT 

MIN. 

TYP. 

MAX. 

VlH 

Input High Voltage 


VDDxO.7 

VDDxO.55 

VDD 

V 

VIHS 

Input High Voltage (Schmitt) 


VDDx0.85 

VDDxO.75 

VDD 

VlHC 

Input High Voltage (XIN input) 


VDDxO. 75 

- 

VDD 

VIL 

Input Low Voltage 


0 

VDDxO. 45 

VDDxO.3 

VlLS 

Input Low Voltage (Schmitt) 


0 

VDDxO.35 

VDDxO .15 

VILC 

Input Low Voltage (XiN input) 


- 

- 

VDDxO .25 

IlH 

Input High Current 

VDD=6V, Vin=6V 

_ 

_ 

20 

yA 

IlL 

Input Low Current 

VDD=6V, VIN=0V 

_ 

_ 

-20 

RIN 

Input Resistance (PI5) 

VDD=5V 

75 

150 

350 

YSl 

VOH 

Output High Voltage 

VDD=5V, Output Open 

4.7 

4.9 

- 

V 

VOL 

Output Low Voltage 

- 

0.1 

0.3 

I OH 

Output High Current 

VDD=4.5V,VOH=2.4V 

-0.7 

- 

- 

mA 

I OHl 

Output High Current 

(po6> 

VDD=4.5V,VOH=2.5V 

-1 

- 

_ 

(PO5.P10) 

VDD=4.5V,VOH=2.5V 

-7 

- 

1 

IOL 

Output Low Current 

VDD=4.5V,Vol=0.45V 

1.6 

- 

- 

ILO 

Output Leak Current 
(P05, POfi, PI 0) 

VDD=6V, V0UT=-26V 

- 

- 

-20 

yA 

IDDO 

VDD Supply Current in Normal 
Operation (fx = 400kHz) 

VDD=6V,Vin= 5.9V/0.1V 
(all valid) 
PI5 Open CL=50pF 
Output Open 

- 

400 

1200 

yA 

IDDH 

VDD Supply Current in Hold 
Operation (fx= 400kHz) 

- 

150 

450 


Note 1: Typical values are at Ta=25°C and Vqj)=5V. 

2: Output characteristic excludes Xqut terminal. 

3: Xxn input waveform at the time of measuring Vdd supply current. 


90% - 

10% -jf 

f - 

n i 

_ 

-U. I 

-—tr 


VDD 



V DD 


tf 


duty = 50% 


; tr,t f < 50 ns 


AC CHARACTERISTICS (Ta = -20 to +70°C, V DD = 4 to 6V) 


SYMBOL 

PARAMETER 

TESTCONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tWXIN 

XiN Pulse Width 

External Input 

VlN=ViHC/VlLC 

0.4/fx 

- 

0.6/fx 

SEC 

tWRESET 

RESET Pulse Width 

Vin=Vihs/vils 

2 tcy 

- 


US 

tWINT 

INT' Pulse Width 

2 0 tcy 

- 

- 

tWPl60 

PI60 Pulse Width 

2 tcy 

- 

- 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TCP4632BF 


C -MOS DIGITAL INTEGRATED CIRCUIT 
SILICON MONOLITHIC 


GENERAL DESCRIPTION 

The TCP4632BF is a C^MOS 4-bit single-chip microcomputer capable of 
directly driving liquid crystal display provided with 1/3 or 1/4 duty, and 
is most suitable for use in a wide range of application fields, such as a 
system requiring low power dissipation. 

The TCP4632BF contains the controller and driver for driving the liquid 
crystal display (hereinafter referred to as LCD) to the TCP4630AP. For the 
use and study of this device,, refer to the technical data for the TCP4630AP 
in addition to this technical data. 


FEATURES 

o C^MOS 4-bit single-chip microcomputer of low power dissipation 
o Memory capacity 

Program region (ROM) 3072 words x 8-bit 

Data region (RAM) 160 words x 4-bit (including RAM for display) 

o Instruction execution time: 10 ys (400kHz ceramic oscillator/lFT) 
o 52 instructions 

o Built-in LCD controller 

1/3 or 1/4 duty (designated by mask options) 

o Built-in LCD direct driver 

Common output 4 pins 

Segment output 24 pins 

o Input/Output port 

I/O port 1 x 4-bit (I/O can be switched by programs.) 

1 x 4-bit (I/O can be designated by mask options.) 

1 x 4-bit (I/O can be designated by mask options.) 
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INTEGRATED CIRCUIT 


TCP4632BF 


f££jj£ TECHNICAL DATA 


Output port 3 x 4-bit (General purpose output port) 

Input port 1 x 4-bit (Pull-up/Pull-down resistor with input 

resistance,can be selected.) 

1 x 4-bit 

o External power supply is available for LCD (Vlcq) 

o Built-in display decoder (Can be designated by mask options with 

decoder data.) 

o Blanking operation 

o Hold operation (LCD can be displayed during hold operation.) 
o Power-down mode (Display blanking) 
o 67-pin plastic package 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


BLOCK DIAGRAM 



TCP4632BF 
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INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 


PIN CONNECTIONS (Top View) 
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E- hOHcv np o 
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PIN NAMES/PIN DESCRIPTION 


Pin Name 

Input/ 

Output 

TCP4620AP/30AP 

TCP4632BF 

No. of 
pins 

Function 

No. of 
pins 

Function 

TEST 

Input 

1 

LSI test input (always 
kept set at 0.) 

1 

LSI test input (always 
kept set at 0.) 

XlN 

Input 

1 

Oscillator connecting 
terminal 

1 

Oscillator connecting 
terminal 

XOUT 

Output 

1 

Oscillator connecting 
terminal 

1 

Oscillator connecting 
terminal 

PI 5 

Input 

4 

General purpose input 
port 

4 

General purpose input 
port 

RESET 

Input 

1 

Reset input 

1 

Reset input 

INT 

Input 

1 

Interrupt input 

1 

Interrupt input 




General purpose input 


General purpose input 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TCP4632BF 




TCP4620AP/30AP 

TCP4632BF 

Pin Name 

Input/ 

Output 

No. of 
pins 

Function 

No.of 
pins 

Function 

PO 

I/O 

4 

I/O port 

4 

I/O port 

Pi 

Output 

4 

General purpose output 
port 

4 

! General purpose output 
port 

Input/ 
z Output 

4 

General purpose input/ 
output port 

4 

General purpose input/ 
output port 

P4 

Input/ 

Output 

4 

General purpose input/ 
output port 

4 

General purpose input/ 
output port 

VDD 


1 

Power supply 

2 

Power supply 

SEGq^23 

Output 

' 


24 

LCD segment driver out¬ 
put 

P06 

Output 

4 

PLA output port 

4 

General purpose output 
port 

PO 7 

Output 

4 

PLA output port 



PO 5 

Output 

5 

Decode matrix output 
port 

4 

General purpose output 
port 

COMq^ 




4 

LCD common driver output 

Vlcd 




1 

LCD external power sup¬ 
ply terminal 

GND 


1 

GND 

1 

i GND 

CK 

Output 

1 

External timing output 

1 

j External timing output 




1 
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TCP4632BF 


TECHNICAL DATA 



CONFIGURATION OF PORT AND REGISTER 


Name 

Sym¬ 

bol 

Pin Name 

Reg. 

No. 

Function 

Remarks 

I/O Port 

Po 

p 03 to p 00 

0 

I/O Port 

I/O switching is controlled by D flag 
of ST. 

This port can be designated as a 
dedicated output port by mask options. 

Output 

Port 

Pa 

P 13 to p 10 

1 

Output 

Port 

■ 

General purpose output port. 

The contents of register can be re¬ 
ferred to by a program. 

Input/ 

Output 

Port 

P 2 

p 23 to p 20 

2 

Input/ 

Output 

Port 

Input/output can be designated by mask 
options. The contents of register can 
be referred to by a program. 

Command 

Register 

C/S 


3 

Command 

Register 

LCD display is controlled by a 2-bit 
register. The contents of register 
can be referred to by a program. 

Input/ 

Output 

Port 

Pa 

p 43 to p 40 

4 

Input/ 

Output 

Port 

Input/output can be designated by mask 
options. The contents of register can 
be referred to by a program. 

Input 

Port 

Pla 

pp 53 ^ p l50 

• 5 

Input 

Port 

General purpose input port with 150kfi 
(TYP.) resistance. Pull-up/Pull-down 
designation can be made by mask options. 

Output 

Port 

P0 5 

PO 53 to PO 30 

Output 

Port 

General purpose output port. 

The contents of register can not be re¬ 
ferred to by a program. 

Input 

Port 

Pie 

PI 60 

6 

Input 

Port 

1 -bit general purpose input port. 

(Built-in Schmitt circuit). 

Output 

Port 

P0 6 

P°63 to po 60 

Output 

Port 

General purpose output port. 

The contents of register can not be 
referred to by a program. 

PLA 

PLA 


7 

PLA 

PLA. PLA can be used as a display data 
decoder or a data decoder. The contents 
of decode is designated by mask options. 
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INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 


Note The asterisk (*) indicates the points of difference between TCP 
4620AP/TCP4630AP and this device. 

(a) Neither command register nor PLA (available for reference by a 
program) is contained in the TCP4620AP/TCP4630AP. 

(b) Since P0 5 and P0 6 contain neither decode matrix nor PLA, the 
number of output pins of each port is 4. 

(c) Care should be taken to the fact that P 0 , P 2 , P**> P0 5 and P0 6 of 
this device are different from those of TCP4620AP/TCP4630AP in 
electrical characteristics. 


LCD CONTROLLER/DRIVER 

The TCP4632BF contains a driver circuit capable of directly, dynam¬ 
ically driving the LCD provided with 1/3 or 1/4 duty by the 1/3 bias method. 


LCD connection terminals amount to 29 in total as follows: 

Common driver output (COMO to COM3) 4 

Segment driver output (SEGO to SEG23) 24 

VpCD terminal as LCD driving power terminal 1 

The display ability makes it possible directly to drive the following 
LCDs according to the number of time divisions: 

(a) 1/4 duty (1/3 bias) LCD 

Max. 96 segments (12 digits x 8 segments) 

(t>) 1/3 duty (1/3 bias) LCD 

Max. 72 segments (8 digits x 9 segments) 


Toshiba 


INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 



BLOCK DIAGRAM OF LCD DRIVE CONTROLLER 

SEGO-SEG23 


COMO-COM3 



CONTROL OF DRIVE CIRCUIT 


The operation of LCD drive circuit is controlled by the contents of 


command register. The command register is a 2-bit register and is accessed 


as register No. '3*. Both of two bits are reset to "0" by an initialize 


operation. 


Command 
Register 
r Regster. 
^ No. 3 ; 


MSB LSB 

3 2 10 

- T --1- 


r -- 

1 



1 


DISP 

SCAN 

I 

- 1 




Control of Display/Display Data Rewrite 


0: Rewritable status of display data (The use of 
P06 is irhibited.) 

1: Display status of display data (The use of P06 
k is permitted) 


j Control of Dispaly | 

0: Establishment of blanking status or blank¬ 
ing status 

s 1: Release of blanking status or display status 
Undefined Bit 

In case of reference by program, data is un¬ 
defined. 
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INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 


DISPLAY OPERATION 
SETUP OF DISPLAY DATA 


The TCP4632BF internal processing data corresponds to LCD drive terminal 
in such a way as bit 0, bit 1 , bit 2 and bit 3 of the processing data cor¬ 


respond to each segment data of COMO, COM1, COM2, and COM3, respectively. 


MSB LSB 

3 2 10 



Corresponds to segment data of COMo 
Corresponds to segment data of COM^ 
Corresponds to segment data of COM 2 
Corresponds to segment data of COM 3 


The conversion of LCD display data is arbitrarily set up by a program or 
by a built-in PLA register (setup of the contents by mask options). 


TRANSFER OF DISPLAY DATA 

LCD display data setup by a program or PLA register is displayed by 
transferring it to the shift register of LCD driver by the program. 

The transfer method is divided into two categories: one is that the 
converted data is transferred as it is, and another is that a displaying 
data region set up in the data memory (RAM) is transferred after it has been 
once stored. Even by either method, each bit of LCD segment (dot) and 
TCP4632BF internal processing data corresponds to each other by one to one. 
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INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 




In case data memory is provided with display region 


\Bit MSB 
Register's 3 


LSB 

0 


(SEGi) 


(COM3) (COM2) (COM1) (COMO) = Q tQ 23) 


In case processing data intact is transferred 


Each bit of display data expresses data of segment (dot) equivalent 
to (SEGi COMj : 0 <.i < 23, 0<j <3). When the data displays "1", the display 
lights. In case of the use of LCD with 1/3 futy (COMO to COM2), 
the data of bit 3 (MSB) has no meaning as a LCD display data. 
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INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 



Transfer and rewrite of display data is made by a program as follows: 

First, clear SCAN bit to ’O’. (Immediately after initialization, the 
bit is at ’O’.) Next, transfer 4-bit data equivalent to SEG. 23 to 
Register No. 6 (SAR 6), and then transfer 4-bit data equivalent to 
SEG 22. Continuously transfer 4-bit data in sequence by programs 
until the transfer of data equivalent to SEG. 0 is comleted. 

This operation sllows 4x24-bit data to be written into the shift 
register within LCD drive circuit. After the data transfer of 24 
words has been finished, SCAN bit is set to When SCAN bit goes 

to ’1’, writing into the shift register is inhibited, and LCD begins to 
be driven by the data newly held. Data switching is made from. COMj to 
come next (data output equivalent to bit j to SEGi) and is automat¬ 
ically scanned to the next COMj+1. 

In the case that the period (period of SCAN = 0) of 24-word data transfer 
by means of a program is within the one COM period (l/4fF), the blank period 
does not come into the transfer period, and the display contents are 
switched. However, in the case that the period (period of SCAN = 0) of 24- 
word data transfer by means of a program crosses switching of COM (this 
phenomenon presents by timing of data transfer period or it presents 
when the data transfer period becomes longer than one COM period), no 
correct display data is secured during the period; thus, a blank is 
automatically inserted in the period. 

When the display data is transferred to a shift register equivalent to 
Register No.6 during the period of SCAN = 0, all of 24 words must be 
transferred to the shift register. However, if SEGO to SEGk-1 outputs 
only, not all of SEGO ^ SEG23 outputs, are used, k word only can be 
transferred. 
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gg TECHNICAL DATA 



LCD FRAME FREQUENCY 

Frame frequency (LCD drive frequency) is giyen by the built-in devider. 
The frame frequency fjp is given from internal clock frequency f^p by the 
following formula: 

fp = fcp K —^- 

2 x n 

Where,m is the number of divider stages. When fx = 400 kHz and f = 200 kHz, 
m is set to 9. n is the number of time division. Therefore, 

In case of 1/3 duty fF N 130 Hz 

In case of 1/4 duty fF '= 98 Hz 

The period equivalent to one COM is 

2 m 2m-l 

fCP ^ f C Y 

therefore, when m = 9, the period is equivalent to 256 steps. 


LCD DRIVE WAVEFORM 

TCP4632BF is capable of directly, dynamically driving the'LCD provided 
with 1/3 or 1/4 duty by 1/3 bias method. 

In case of 1/3 or 1/4 duty, the voltage applied to LCD is 4- (Vpp - VpcD) 
to -(Vdd - Vlcd)* 


1/fp-H 



1/4 duty (1/3 bias) drive 
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INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 



1/3 duty (1/3 bias) drive 


(Note) fp : LCD frame frequency 
VLCD : VLCD terminal voltag< 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TCP4632BF 


Each terminal waveform in case of displaying data "3” at 1/4 duty is as 
follows: 


Data of COMq 
D ata of COMi 
D4ta of COM 2 
Data of COM 3 

Data of reversed polarity 


VDD 


10 0 1 /"" 


SEGq 


VlCD j 


VdD - 


0 111 


SEGi 


Vlcd x 
VDD ~ 


COMq 


V LCD 1 













INTEGRATED CIRCUIT 


TCP4632BF 


TECHNICAL DATA 


The voltage between each SEG - COM is as follows: 


vdd-Vlcd - 


SEG 0 -COM 3 -J- 
(Segment a)+ 


-(VDD- v LCD)i 



(Segment b) 



I 


SEGo~COM2-»- 
(Segment fy- 



SEG 1 -GOM 2 
(Segment g) 



SEGo-COM!-! 
(Segment ej 



SEGi-COMx• 
(Segment c) 



SEGo-COMql 
(S egment d)l 



SEGi- COMO- 
(Segment h)- 





LCD DRIVE VOLTAGE 

VlcD i s an input terminal of LCD driving power. LCD drive voltage 
is required to be supplied between Vdd - VlCD* 

If the operation voltage of the TCP4632BF is identical with the 
LCD drive voltage, Vp^D i- s connected to GND. 

The supply of drive voltage generated by LCD drive circuit is con¬ 
trolled within this device according to the operating status of CPU. 

In the following cases that there is a possibility of keeping LCD drive 
circuit stationary for a long period of time, the supply of LCD drive 
voltage is cut with the built-in switch. 

(1) Initialize operation 

(2) SCAN = 0 and H = 1 



The switch turned off by initialize operation is turned on by sett¬ 
ing the SCAN bit of command register to ' 1’, thus resulting in the sup¬ 
ply of LCD drive Voltage. After that, even if the SCAN bit of command 
register is reset to 'O’, LCD drive voltage is kept supplied. 
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INTEGRATED CIRCUIT 


TCP4632BF 



TECHNICAL DATA 



For performing hold operation, H must be set to 'l* in a state of 
SCAN = 1 and at time of normal LCI> display because rewrite of display 
data has been already finished. In this case, LCD drive circuit is 
still in operation to continue display. However, while display data is 
being rewritten, if H is set to '1' at time of SCAN = 0, the supply 
of LCD drive voltage is cut. 

When the supply of LCD drive voltage is cut with the built-in switch, 
all of SEG and COM outputs attain V DD lelvel. 

OUTPUT PORT (P05, P06) 

P05 and P06 are 4-bit general purpose output ports. Each port is 
provided with a latch, and its contents are held until they are rewritten 
by a program. Each bit is reset to "0" by initialize operation, but the 
contents being held cannot be referred to by the program. 

The authorization/inhibit of content rewrite by the program of P06 
is controlled by SCAN bit of command register. 


Command register 
SCAN 

Object of content rewrite by 
program 

0 

Output to shift register 
(LCD segment data) 

1 

Output to P06 


Unlike P05 and P06 of TCP4630AP, those of TCP4632BF do not contain 
decode matrix, and PLA; therefore, there is difference between them in 
output timing. 
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TECHNICAL DATA 



0S 

0 


Port data 

Old data 


New data 


Output timing of 

P05 and 

P06 of TCP4630AP 

Port data 

Old data 

DC 

New data 


Output timing of P05 and P06 of TCP4632BF 


A program can make reference of PLA by use of a decoder for display 
data or the like. If 4-bit BCD data is written in PLA (Register No.7) 
by a program, one of sixteen addresses is selected by 4-to-16 decoder 
within PLA, and the corresponding 8-bit data is written in PLA register. 

PLA contents of PLA register can be read out by executing the in¬ 
struction for making reference of PLA. How to read out 8-bit data of 
PLA register varies with option designation of 1/3 duty or 1/4 duty. 

PLA register is not affected by reset operations. 

(a) Designating 1/4 duty by options 

The 8-bit data can be read out by executing the instruction for 
making reference of PLA register two times. In other words, 4-bit 
(bit 3 to 0) data on the lower level can be read out by the first 
execution of the instruction (LAR 7) for making reference of PLA 
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after BCD data has been written in PLA (SAR 7), and similarly 4-bit 
(bit 7 to 4) data on the higher level can be read out by the second 
execution of the same instruction. 

When the same data is read out again, and when PLA register is required 

to be updated, the reabout must be performed after BCD data has been 
written in the PLA over again. 

Internal bus 



(b) Designating 1/3 duty by options 

The 8-bit data can be read out by executing the instruction for 
making reference of PLA register three times. In other words, 
3-bit (bit 2 to 0) data on the lower level can be read out by the 
first execution of the instruction (LAR 7) for making reference of 
PAL after BCD data has been written in PLA (SAR 7), and similarly 
3-bit (bit 5 to 3) data on the intermediate level can be read out 
by the second execution of the same instruction, and also 2-bit 
(bit 7 to 6) data on the higher level by the third execution of the 
same instruction, respectively. 
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While the reference instruction above mentioned is being executed, 

1 bit (bit 3) on MSB side of the lower or intermediate level and 

2 bits (bit 3 and 2) on MSB side of the higher level are always 
read out as zero. When the same data is read out again, and when 
PLA register is required to be updated, the readout ?s performed 
after BCD data has been written In the PLA over again. 


Internal bus 
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TECHNICAL DATA 


TCP4632BF 


LCD DATA TRANSFER PROGRAM - EXAMPLE 

LR , , , , , , 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 





1 

Digit 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12- 

digit 




_ 

SEG23 

21 

19 

17 

15 

13 

IV 

9 

7 

5 

3 

SEG 1 





|SEG22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

SEG 0 


Example of a program which the data of HR = 7 and LR = 4 to F 
are displayed on LCD through segment conversion 

LCD: 1/4 duty, 12 digits (24 Seg.) 


Convert 12 digits of HR = 7 and 
LR=4 to F to segments by PLA to 
transfer toHR=8,9,and LR=4 to F. 




Set the mode tc 

REG.) REG3 

register 3 (C/S 

2 




Setup of trans 
fer mode 
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TECHNICAL DATA 





10 ; *** 

TCP4632BF LCD DATA TRANSFER PROGRAM 



20 ; 



0100 


30 

ORG 

100H 

0100 

64 

40 START: 

LLI 

4 

0101 

77 

50 NEXT; 

LHI 

7 

0102 

04 

60 

LAM 


0103 

2F 

70 

SAR 

7 

0104 

78 

80 

LHI 

8 

Q105 

17 

90 

LAR 

7 

0106 

OC 

10Q 

SAM 


0107 

79 

110 

LHI 

9 

0108 

17 

120 

LAR 

7 

0109 

OC 

130 

SAM 


010A 

02 

140 

I CL 


010B 

06 

150 

LAL 


O10C 

90 

160 

ADI 

0 

010D 

DUO 

170 

BCC 

NEXT 

010F 

42 

180 TRANS: 

LAI 

2 

0110 

2B 

190 

SAR 

3 ; DISP=1,SCAN=0 SET 

0111 

64 

200 

LLI 

4 

0112 

78 

210 TRANSF: 

LHI 

8 

0113 

04 

220 

LAM 


0114 

2E 

230 

SAR 

6 

0115 

79 

240 

LHI 

9 

0116 

04 

250 

LAM 


0117 

2E 

260 

SAR 

6 

0118 

02 

270 

I CL 


0119 

06 

280 

LAL 


Oil A 

90 

290 

ADI 

0 

011B 

D211 

300 

BCC 

TRANSF 

011D 

43 

310 DISP: 

LAI 

3 

011E 

2B 

320 

SAR 

3 ; DISP=SCAN=1 SET 



330 ; 





340 : 




t _ t . ^_L_ 


SEG 0 

SEGx 

SEG2 

SEG3 

1 

1 

1 

1 

SEG22 

SEG23 


C0M 0'| 

COMi 

COM2 

COM3/ 
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TCP4632BF MASK OPTIONS 


Oscillation 


frequency 


Dividing ratio for 
internal clock 


External timing output 


It Divider 1 Input 
§ Divider 3 Input 
O a) 


Reset timing 


Buffer 0 Input 
Buffer 1 Input 


Buffer 2 Input 


o PQ Buffer 3 Input 


H flag 


Restart condition 


Input/Out- 
put port 


Port 0 


Input/Out- 
put port 


Port 2 


Port 4 


Input resistance 
(Input port 5) 


0 S C 


CP 


CK 


COUNTER PDR 


PDR 


CO 

COUNTER Cl 
BUFFER 


C2 


C3 


HOLD 


RSTH 


STD 


P2 

P4 


TYP032 


050 

400K 

ceramic 

IFT 


02 


Cl 


CP 


PD2 


PI60 


RD7 


RDA 


RDD 


C3 


D (PROG) 


/F/(OUT) 


/F/(OUT) 


1 (OUT) 


/F/(OUT) 


/3/ (iN/our) 


70/(IN) 


/f/(out) 


70/(IN) 


73/(IN/our) 


/0/(INl 


7Q/(IN) 


P15 


0 (UP) 


1 (DOWN) 


Line 0 


PLA0 


1 _ L 


Line 1 


PLA1 


Line 2 


PLA2 


7_7 


Line 3 


PLA3 


Line 4 


PLA4 


7 7 


Line 5 


PLA5 


Line 6 


PLA6 


P L A 

(#7) 


7 7 


Line 7 


Line 8 


P L A 


PLA7 


7_7 


PLA8 


Line 9 


PLA9 


Line A 


PLAA 


Line B 


PLAB 


Line C 


PLAC 


7_ /_ 


Line D 


PLAD 


1 _ /_ 


Line E 


PLAE 


Line F 


PLAF 


Oscillation Stop 
Control PI60 


RSTX 


LCD Duty 


DUT 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

Vdd 

Supply Voltage 

Vin 

Input Voltage 

v 0UT 

Output Voltage 

p D 

Power Dissipation 

Tsoi 

Soldering Temperature•Time 

T slg 

Storage Temperature 

Topr 

Operating Temperature 


RATING 
-0.3 to +7.0 
-0.3 to V D d + 0.3 
-0.3 to VdD+0.3 
400 

260 (10 SEC) 
-55 to +125 
-20 to +70 



ALLOWABLE OPERATING CONDITIONS 

SYMBOL ITEM 

Vdd Supply Voltage 

Ta Ambient Temperature 

IquT Max. Output Current 

f x X’tal Operating Frequency 

tCY Cycle Time 

VLCD LCD Supply Volta S e 

(VlCD is with respect to Vpp) 


RATING 
4 to 6 
-20 to +70 
±3 

40 to 400 
10 to 100 

-Vdd to -2.7 









DC CHARACTERISTICS (Ta —20 to +70°C, = 4 to 6 V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

(Note 1) 
TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 


VdDxO.7 

- 

VDD 


VlHS 

Input High Voltage (Schmitt) 


VDDx0.85 

_ 

VDD 


VlHC 

Input High Voltage( xt^ Input) 


VDDxO. 75 

_ 

VDD 


VIL 

Input Low Voltage 


0 

- 

VDDxO.3 

V 

VILS 

Input Low Voltage (Schmitt) 


0 

- 

VDDxO. 15 


VlLC 

Input Low Voltage (XiN Input) 


0 

- 

VDDxO. 25 


IIH 

Input High Current 

VDD= 6 V, Vin= 6 V 

- 

- 

20 


IlL 

Input Low Current 

VDD= 6 V, Vin=0V 

- 

- 

-20 

UA 

Rin 

Input Resistance (PI 5 ) 

VDD=5V 

75 

150 

350 


VOH 

Output High Voltage (Port) 

VDD=5V, Output open 

4.7 

4.9 

- 


VOL 

Output Low Voltage (Port) 

VDD =: 5V, Output open 

- 

0.1 

0.3 


I OH 

Output High Current (P x ) 

VDD=4.5V,VOH=2.4V 

-0.7 

- 

- 


I 0 H 2 

Output High Current 

(Po,P 2 ,P*,CK) 

VDD=4.5V,VoH=2.4V 

-0.35 

- 

- 


IOH3 

Output High Current (P 5 ,Pe) 

VdD=4.5V,V0H=2.4V 

-0.15 

- 

- 


IOL 

Output Low Current (P x ) 

VDD=4.5V,VOL=0.45V 

1.6 

- 

- 


I 0 L 2 

Output Low Current 

(Po,P 2 ,P*,CK) 

Vdd=4.5V,V 0 L=0.45V 

0.8 

- 

- 


10L3 

Output Low Current (P 5 ,P 6 ) 

VDD=4.5V,VOL=0.45V 

0.4 

- 

- 


R 0S3, 

RosQ 

Output Impedance (SEC) 

VDD=5V,VDD-VLCD=3V 
(Note 5) 

- 

2 

T.B.D 


R 0C3, 

R oco 

Output Impedance (COM) 

V0UT=VLCD+0.5V/ 

VDD-0.5V 

- 

2 

T.B.D 


r 0S2, 

. R 0S1 

Output Impedance (SEG) 

V'DD=5V,VDD-VLCD=3V 
(Note 5) 

- 

20 

T.B.D 

k!w! 

R 0C2, 

R 0C1 

Output Impedance (COM) 

VOUT=3+0.5V/ 

4-0.5V 

- 

20 

T.B.D 


V 0S1 

Output Intermediate 

Vnn= S\7 Vnn-V t 'WJ 

3-0.2 

3 

3 + 0.2 

v 

v OS2 

Voltage (SEG,COM) 

V JJD y V JJjJ v XjUl) ^ V 

4-0.2 

4 

4+0.2 


IDDO 

Vdd Supply Current in Normal 
Operation 

(Note 4) 

- 

600 

T.B.D 


I DDH 

VDD Supply Current in Hold 
operation 

fx = 400 kHz 

- 

250 

T.B.D 

yA 


Note 1) Typical values are at Ta=25°C and VdD = 5V. 

2) Output characteristic excludes XoUT terminal. 

3) Output current at the time when other terminals than those to be tested are 
open. 

4) Test conditions of current dissipation 

VDD= 6 V, Vin = ViH/ViL(all valid), PI 5 Open, CL = 50pF 
XiN Input waveform 



5) When supplying V^p power, When switching input/output. 
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"C 2 MOS" digital integrated circuit 

TCP4600AC 

SILICON MONOLITHIC 

CMOS 4-BIT SINGLE CHIP MICROCOMPUTER 
GENERAL DESCRIPTION 

TCP4600AC is a system development evaluator of TLCS-46A family, and 
makes it possible to configure a system equal to TCP4620AP/TCP4630AP by 
program memory (ROM) and the external circuits relative to mask options. 


tfoAhiha 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


Since this technical data mainly makes mention of the function of an 
evaluator of TCP4600AC, it is recommended that instruction and detail be 
referred to the technical data of TCP4620AP/TCP4630AP. 


FEATURES 

o External ROM 4K x 8 Max. 
o Internal RAM 160 x 4 
o Single 5V Supply 

Wide Operating Range: 4V to 6V 
o Wide Operating Temperature Range: -10°C to 70°C 
o Terminals for System Debugging 

° External-Circuit Terminal for Realization of all the Mask Option 
of TLCS-46A 
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Vi 

Pi 

P, 

Pi 

P x 

PC! 

PC, 

PC 9 

PCs 

PC 7 

PC 6 

PC 5 

PCz. 

PC/DO 

PC/DO 

PC/DO 

PC/DO 

PCH 

ST.(D 

WEN 

P0 6 

P0 6 

P0 6 

P0 6 , 

P0 6 

P0 6 

P0 6 

P0 6 

P0 5 

P0 5 

P0 5 

POs 


Ini 





"0 








"Z 




z 

—1 


1 

64 

□ Poo 

0 

0 

z 

m 

n 


2 

63 

□ Poi 


X 

73 

3 

62 

11 P 02 

m 

0 

_l 

z 

n 

> 


4 

5 

61 

60 

| 

3 P 0 3 
□ RD/DI 0 

0 

z 

m 

O 

Q 

6 

59 

3 RD/DI! 

00 


7 

58 

3 rd/di 2 

— 1 

> 

-H 

O 

8 

57 

□ RD/DI 3 

0 

ij 

> 


9 

56 

H RDi* 

c 



10 

55 

U rd 5 




11 

54 

3 rd 6 

s: 



12 

53 

3 rd 7 




13 

52 

H R/H 




14 

51 

3 INTH 




15 

50 

H MH 




16 

49 

3 RS 




17 

48 

3 sel 2 




18 

47 

3 sel 3 




19 

46 

3 SEU 




20 

45 

H SEL 5 



-i 

21 

44 

H sel 6 



C~) 

"S 

22 

43 

D sel 7 




23 

42 

D INT 



CD 

0 

24 

41 

3 RESET 



n> 

c~>, 

25 

40 

U 




26 

39 





27 

38 

H CP 




28 

37 

D ST(H) 




29 

36 

3 HOLD 




30 

35 

^ RSTH 




31 

34 

P0 5 0 




32 

33 

3 GND 
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TCP4600AC 

PIN NAMES 

& PIN DESCRIPTION 

Pin Name 

Input/Output 

Function 

P - p 

0 3 00 

Input/Output 

4-bit general purpose I/O port 

State of input/output is designated by WEN 

terminal input. (common to TLCS-46A family) 

P - P 

13 10 

Output 

4-bit general purpose output port 

(common to TLCS-46A family) 

PC) - PO 

5 A 5 0 

Output 

5-digit output port for display Content of 

built-in decode matrix is already designated 

(common to TLCS-46A family) 

- 1 

p o 67 - P0 6O 

Output 

8-segment output port for display Built-in 

PLA is already designated 

(common to TLCS-46A family) 

RESET 

Input 

Initialize Signal Input (without Schmitt cir¬ 
cuit) (common to TLCS-46A family) 

INT 

Input 

Interrupt request signal input (without 

Schmitt circuit) 

(common to TLCS-46A family) 

pc xi - PC 

Output 

The higher order 8-bit address output to 
external ROM 

pc/do 3 - 

PC/DO 0 

Output 

The lower order 4-bit address output to 
external ROM/Port data output 

rd 7 - RD 4 

Input 

The higher order 4-bit data input from external ROM 

rd/di 3 - 

RD/D1 0 

Input 

The lower order 4-bit data input from external 
ROM/Input port 

SEL7 - 

sel 2 

Output 

Selection signal output for external port 
register and input port 
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Pin Name 

Input/Output 

Function 

WEN 

Input 

Designate signal input for Input/Output of 
port 0 

HOLD 

Input 

Hold operation control signal input 

RSTH 

Input 

Restart control signal input at time of 
hold operation 

ST (D) 

Output 

D flag output 

ST (H) 

Output 

H flag output 

CP 

Input 

Internal basic clock input 


Output 

Basic timing output 

RS 

Output 

Internal reset signal output 

MH 

Input 

Monitor hold control signal input 
(for system debug) 

R/H 

Output 

Run/Hold status signal output 
(for system debug) 

PCH 

Input 

Program counter hold control signal input 
(for system debug) 

INTH 

Input 

Interrupt hold control signal input 

(for system debug) 

V D D 


Power supply 























TCP46Q0AC 


FUNCTIONAL DESCRIPTION 

TCP4600AC is a system development evaluator which is used for 
developing TLCS-46A application system (program) and for confirming its 
operation. This makes it possible to form a configuration equal to 
TCP4620AP/TCP4630AP by program memory (hereinafter called ROM) and the 
external circuits relative to mask options. 

1. Connection of Program Memory 

Program counter (PC, 12 bits) output is used as address signal of ex¬ 
ternal ROM (maximum capacity is 4096 words x 8 bits). Since the lower 
order 4 bits of address signal is multiplexed with the output of port 
data, it is necessary that they are externally separated. 

The data (8 bits) read out of ROM is read as instruction code in 
TCP4600AC. At this time, the data line of the lower order 4 bits 
is also used as port input data, so that it is necessary that data 
line is externally multiplexed . 

0S 

0 

PC 11 -PC 4 

PC/DO 3 
-PC/DO 0 

RD 7 -RD 4 

RD/DI 3 
-RD/DIq 
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2. Schmitt Circuit 

Each terminal of RESET, INT, and PI60 of TCP4620AP/TC4630AP are input 
terminals with Schmitt circuit. However, since no Schmitt circuit is 
contained in TCP4600AC, the circuit must be externally configured. 

It is necessary to add shift register for timing shaping to PI 50 
terminal. 


RESET Tnput 

- a 

INT Input 


-AAA- 


-AAA- 




Schmitt Circuit 


(To evaluator) 
RESET/INT 



Pl 60 < a ) 


CP CP CP 


3. Oscillator and Divider 

The mask options, which relate to the oscillator and divider of 
TCP4620AP/TCP4630AP, differ according to an oscillator to be used. For 
TCP4600AP these mask options are composed of external circuits. 
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(1) Oscillator 

The basic clock (CP) of TCP4600AC is externally supplied. 

In this case, the divider forming the basic clock as well as 
the oscillation circuits of the oscillator to be used are 
externally composed, and the output of a divider suitable for 
oscillation frequency is supplied, as a basic clock, to the 
CP terminal of TCP4600AC. 

Since TCP4600AC is not provided with the CK terminal for external 
timing, a signal equivalent to the CK terminal must be also com¬ 
posed of external circuit. 

While the power is being supplied to the evaluator chip, the 
clock must be being supplied to the CP terminal at all times. 



(Note) " ^— " means that either is connected. 

(So with the following figures.) 
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(2) Divider 

An example of cricuit configuration around a divider is shown as follows: 


CP 



CP CP CP 


Counter 

Buffer 

Input 

Data 


The portion of to' ~ is required only when 100K Xtal is designated 
by mask options of mass production chip,and further 14-stage divider 
(2) is used as a resettable divider of count value "12500". 












4. Input Port and Output port 

The input port and output port in TCP4620AP/TCP4630AP have plentiful 
mask options. In TCP4600AC, such mask options are composed of 
external circuits. 

(1) Input port 

The data of input port is input from RD/DI terminal. 

When the data of input port (port No. i) is input to RD/DI 
terminal during the period of time when the equation, 

SEL-£ * 0s = 1 (i : port No.), 
holds, TCP4600AC starts reading it as input port data. 

(2) Output port 

The data of output port is output from PC/DO terminal. 

Since TCP4600AC outputs the data of output port (port No. i) 
from PC/DO terminal during the period of time when the equation, 
SELj *0=1 (i : port No.), 

hold, this data is written in the externally installed register; 
Further, since at time of system reset an internal initialize 
signal is output from RS terminal, it is necessary to clear 
(all "0") the port register by use of this signal and to ini¬ 
tialize it. 



- p ^\\\\\\\\\\\\\\\\\\\\^^ 
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(3) Port 0 

Prot 0 is a port that can make switching of input/output by 
program (D flag of ST), and can be designated to a port ex- 
clusivelly used for output by mask options. 

In TCP4600AC, the mask option of this port can be realized by 
use of each terminal of WEN and ST(D). 

WEN terminal is an input line that defines whether port 0 is 
placed in an output mode or an input mode. When the 
terminal is at "1" level, it places port 0 in an output mode 
and when it is at M 0" level, it places port 0 in an input 
mode. 

A state of D flag of status register is output from ST (D) 
terminal. 

o When input and output are switched by use of program, 

WEN = ST(D) 

WEN terminal is externally connected to ST(D) 
terminal. 

o When port 0 is used as port exclusivelly for output, 

WEN = "1" 

WEN terminal is fixed to "1" level. 

(4) Port 2 and Port 4 

Port 2 and Port 4 are input/output selectable ports by use of 
mask options. 

When these ports are used as input ports, the external input 
data is input to RD/DI terminal during the period when each of 
the following equations holds: SEL? • 0s = 1 and SEL4 • 0 S = 1. 
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On the other hand, when these prots are used as output ports, 
output data are output to PC/DO terminal during the period when 
each of the following equations holds: 

SEL 2 -0=1 and SEL 4 *0=1. 

Therfore, this data is written in the register externally 
installed, and is output to the outside through a buffer. 

And, at the time when the equations, such as SEL2 • 0 S = 1 and 
SEL4 • 0 S = 1, hold, the outputs of respective registers are 
input to RD/DI terminal. The externally installed register must 
be cleared (all "0") by the internal initialize signal from RS. 
terminal. 


RS 

FC/DO 

0 

SEL 2 

0S 

RD/DI 



Output data 
of each unit 


,s a / \_/ v 

5 J - VJ -Y_A 

5:2 \_A_/ 
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(5) Port 3 

Port 3 is I/O port exclusively used for TCP4600AC. The function 
of port 3 is the same as the function of other ports. 

This port is designated as register No. "3" even in case where 
it is used as either of input port or output port. 


( 6 ) Output port 5 and output port 6 (output port 7) 

For TCP4600AC, each output terminal of PO 5 and P06 is available 
as output for display. However, when it is used as general 
output port or when it is used after changing the. contents of 
decode matrix or PLA, it is configured by external circuit. 


The contents of decode matrix and PLA built in TCP4600AC are 
as follows: 


Contents of Decode Matrix 


Write Data 

F-6 

5 

4 

3 

2 

1 

0 

Output State 

PO 54 

0 

1 

0 

0 

0 

0 

0 

PO 53 

0 

0 

1 

0 

0 

0 

0 

PO 52 

0 

0 

0 

1 

0 

0 

0 

PO 51 

0 

0 

0 

0 

1 

0 

0 

PO 50 

0 

0 

0 

0 

0 

1 

0 
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PLA 

PLA can be expressed as memory of 16 words x 8 bits. 

The 4-bit write data for port 6 is the address of PLA, and the 8-bit 
data read out from PLA comes to the output data of the output port. 

When the data of 8 bits output at this time is expressed by hexadecimal 
2 digits, PLA built-in TCP4600AC is as follows: 


Address 

Data 

Form of 
Character 

0 

FC 

a 

1 

60 

/ 

2 

DA 

E 

3 

F2 

9 

4 

66 

H 

5 

B6 

5 

6 

BE 

G 

7 

E4 

n 

8 

FE 

9 

9 

F6 

<9 

A 

FD 

O. 

B 

00 

(Blank) 

C 

02 

- 

D 

CE 

R 

E 

9E 

E 

F 

8E 

F 


a(POe 7) 

f (P0 6 a) U ^ ^b(P0 66 ) 

e(P0 63 ) U U c(P0 65 ) 

d(P0 6 *,) DP 

(P0 6O ) 
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When the built-in decode matrix and PLA are used changing their 
contents or are used as general output ports, they are externally 
configured by use of data output PC/DO, select signals SEL 5 , SEL 6 
and SEL 7 and timing signal 0. 


RS 

pc/do 


SEL 5 


0 


sel 7 

sel 6 



^ 'A_/ V 

J _/ 

SELi V j 

(i=5,6,7) \_/ 


PC/DO 3 

-PC/DOq 


External Output 


'ort Output 
Data_ 




Output Timing of PO 5 , PO^ (PO 7 ) 
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5. Hold Operation 

TCP4620AP/TCP4630AP is provided with hold function. In TCP4600AC, 
this function is configured by each terminal of HOLD, RSTH and 
ST(H), and the siganl of C 3 which is MSB of counter buffer input 
configured by external circuits. (For C3, refer to the figure of 
divider.) 

In case hold operation is performed: 

HOLD = ST(H) : Designation of hold operation application 

RSTH = C3 : Designation of hold operation release signal 

Each terminal of HOLD and ST(H) is externally connected. 

C3 signal that is MSB of counter buffer is input to RSTH 
terminal. 

In case hold operation is not performed: 

HOLD = "0" : Designation of no use of hold operation 

RSTH = "0" : Designation of no use of hold operation 

Each terminal of HOLD and RSTH is fixed to the 
"0" level. 

CONTROL TERMINALS FOR DEBUG 

There are some functions and terminals to make easy the development 
of TLCS-46A application system (program). 

(1) MH terminal (Monitor hold control input) 

Monitor hold function stops the operation of TCP4600AC by unit of 
execution instruction. 
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The operation stops after completion of current excecution instruction 
by inputting "1" level into MH terminal. However, during "1" period of 
Y register flag (EYR = 1), the operation does not stop. When the system 
enters into the interrupt service routine, if stop request is made, the 
system stops after having jumped to the interrupt service routine. 

In the stop state, program counter output the next address. Restart 
is made by inputting ”0" level into MH terminal, and the first cycle 
makes instruction fetch and at the same time executes NOP instruction 
internally. 

(2) R/H terminal (Run/Hold status output) 

Run/Hold monitor function is the response singnal of monitor hold func¬ 
tion. During stop of operation by monitor hold function,"0" level is 
output from R/H terminal (which is reset by the instruction cycle just 
short of stopping by MH signal), and during normal operation "1" level 
is output from R/H terminal. 

(3) PCH terminal (Program counter hold control input) 

Program counter hol’d function holds the previous state without updating 
the value of program counter. This function is operated by inputting 
"1" level into PCH terminal. 

(4) INTH terminal (Interupt hold control input) 

Interrupt hold function is a function to make interrupt request waiting. 
Even if interrupt latch is set by inputting ”1" level into INTH terminal, 
jump to interrupt routine is not performed. In this case, interrupt 
request is kept waiting until "0" level is input into INTH terminal. 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

V DD 

Supply Voltage 

-0.3V to +7.0V 

V IN 

Input Voltage 

-0.3V to Vpp+0.3V 

v OUT 

Output Volatage 

-0.3V to V dd +0.3V 

Pd 

Power Dissipation 

600 mW 

^sol 

Soldering Temperature & Time 

260°C (10 SEC) 

T stg 

Storage Temperature 

-55°C to +125°C 

T opr 

Operating Temperature 

-10°C to +70°C 


ALLOWABLE OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

RATING 

T a 

Ambient Temperature 

-10°C to +70°C 

V DD 

Supply Voltage 

4V to 6V 

V 0H 

Output High Voltage 

Min. V DD - 3 .5V(>1.5V) 

V 0 L 

Output Low Voltage 

Max. 3V 

f cp 

Basic Clock Frequency 

20KHz to 200KHz 


DC CHARACTERISTICS (Ta=-10°C to 70°C, V D d =4v to 6V ) 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN, 

TYP. 

(Notel) 

MAX. 

UNIT 

V IH 

Input High Voltage 


V DD x 0• 7 

V D dx035 

v D d 

V 

V IL . 

Input Low Voltage 


0 

V D d x °.45 

V DD x°.3 


Input High Current 

V DD =6V, V in =6V 

- 

- 

20 


X IL 

Input Low Current 

V DD =6V, V in =0V 

- 

- 

-20 

pA 

V OH 

Output High Voltage 

VdD = 5V, Output Open 

4.7 

4.9 

- 


V 0 L 

Output Low Voltage 

- 

0.1 

0.3 

V 

I 0H 

Output High Current 

V DD =4.5V, 

-0.7 

-2 

- 

: 

IOHI 

Output High Current 

V oh =2.4V 

-2.5 

-6 

- 


(P05, P06) 

V DD =5V, V oh =4.2V 

-1.1 

-2.5 

- 

mA 

IOL 

Output Low Current 

1.6 

4 

- 


X 0L1 

Output Low Current 
_IP05^P06.) „„ 

v DD _4f • - )V > v ol =u.4DV 

3.2 

8 

- 


I DDO 

VDD Supply Current in 
Normal . Operation.. 

V DD =6v » fcp=100KHz 

- 

150 

450 

yA 

I DDH 

V^^Supply Current in 
DD Hold Operation 

Output Open 
Vin = 5.9V/01V (Note 2) 

- 

40 

120 


Notel: Typical values are at Ta=25°C and V D g=5V. 
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Note 2: CP input waveform at the time of V])d Supply Current 



AC CHARACTERISTICS (Ta=-10°C to +70°C, V DD =4V to 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

(NOTE 1) 

MAX. 

UNIT 

tci 

Timing Signal Inhibit Time 


150 


1500 

ns 

tAD 

Address Delay Time 


- 

- 

2000 

ns 

tAHl 

Address Hold Time 

CL = 50 pF 

80 

- 

- 

ns 

tAH2 

n ti 

200 

- 


ns 

t RDD 

Data Delay Time 


- 

- 

1000 

ns 

tRDH 

Data Hold Time 

( Note 2) 

80 

- 

- 

ns 

tSELDl 

SEL Delay Time (for Input) 


- 

- 

1000 

ns 

tSELD2 

SEL Delay Time (for Output) 


100 

- 

500 

ns 

tSELH 

SEL Hold Time 


300 

- 

_ 

ns 

tWDS 

Write Data Set Up Time 


500 

- 

- 

ns 

t WDH 

Write Data Hold Time 

1 

300 

- 

- 

ns 

t IDS 

Read Data Set Up Time 


1000 

- 

- 

ns 

tIDH 

Read Data Hold Tiem 


100 

- 

- 

ns 

tMHD 

MH Input Delay Time 


- 

- 

500 

ns 

tMHH 

MH Input Hold Time 


100 

- 

- 

ns 

tPCHD 

PCH Input Delay Time 


- 

- 

500 

ns 

tPCHH 

PCH Input Hold Time 


100 

- 

- 

ns 

tINTHD 

INTH Input Delay Time 


- 


500 

ns 

tlNTHH 

INTH Input Hold Time 


100 

- 

- 

ns 

tWCP 

CP Pulse Width 


0.4/fcp 

- 

0.6/ f cp 

SEC 

tWRESET 

RESET Pulse Width 

v in =v ih/ v il 

2 tcy 

- 

- 

ys 

tWINT 

TNT Pulse Width 


2 tcy 

- 

- 

US 


Note 1 : Typical values are at Ta=25°C and Vdd= 5V. 
Note 2 : AC test condition 


-X 

V 

^-Vdd/2 





Vd D /2 


tii 
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(1) Clock at time of power supplied 

When TLCS-46A starts by RESET, clock must be always supplied. There 
is no problem when clock is obtained by externally mounting the 
oscillator of crystal, celamic or IFT by use of internal clock generator 
in TCP4620AP/TCP4630AP, but care should be exercised when clock is 
externally supplied or when TCP4600AC is used. 

(2) Control of I/O port 

In port 0, Input/Output can be switched by program; therefore, care 
should be taken not to become driver short between the port and 
external circuit. 

(3) Current capacity of output port 

Each of output port 5 and output port 6 has a large current capacity 
as port for display. However, if the output port is supplied with a 
large current exceeding its capacity, it may cause destruction or 
deterrioration in character. 

(4) Handling of unused terminal 

When an unused input terminal is left open, it may cause malfunction 
and increase in power dissipation; therefore, insure to connect the 
terminals to Vj)p or GND level. (It is the safest method to connect 
termianl via resistance.) 

Further, insure to connect TEST terminal to GND because this terminal 
is installed for LSI testing. 
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(5) Electrostatic destruction 

In TLCS-46A series, the input circuit is provided with protective 
resistance and protective diode for preventing electrostatic 
destruction. However, the surge equivalent weight is small as 
compared with discrete resistance and diode; therefore, carry 
TLCS-46A series in a conductive container so as not to add the 
surge directly into the system, when required. 

(6) Latch-up phenomenon 

When the voltage lower than GND or the voltage higher than Vdd 
is applied to input terminal and output terminal, a phenomenon 
called latch-up characteristic of CMOS presents. This phenomenon 
may cause destruction and degradation of elements; therefore, 
care should be taken not to apply the voltage exceeding the max¬ 
imum rating to the input terminal and output terminal. 
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4-BIT SINGLE CHIP MICROCOMPUTER TLCS-47 


GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 

In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 


FEATURES 

• 4-bit, single chip microcomputer 
with built-in 

ROM, RAM, input/output port, 
divider, timer/counter, and 
serial port. 

• Memory capacity 

• ROM : Max 4,096 x 8 bits 

• RAM : Max 256 x 4 bits 

• Instruction execution time 

. NMOS family 2ys(at 4MHz clock) 

• CMOS family 4ys( »» ) 

• Efficient instruction set 

. 90 instructions 

• Software compatible in the 
series 

• Subroutine nesting: Max. 15 levels 

• 6 interrupts (External : 2, 

Internal : 4) 

Independently latched control 
and multiple interrupt control 

• Input/Output (Standard) 

. Input 1 port 4 pins 

• Output(corresponding to PLA) 

2 ports 8 pins 

• I/O 4 ports 16 pins 

• I/O (Note) 2 ports 7 pins 

Note : These I/O ports are also used 

for the interrupt input, timer/ 
counter input, and serial port; 
therefore, it is programmably 
selectable for each application. 


• PLA data conversion function (instruction) 

output of data to output port (8-bit) 

• Data table look-up and table search 
function (instruction) 

Table can be set up in the whole 
ROM area . 

• 12-bit timer/counter (2 channels) 

• Serial port with 4-bit buffer 

• 18-stage divider (with 4-stage prescaler) 

• Built-in high output current terminals 
(NMOS family) 

Typ. 20mA x8 bits, LED direct drive 
is available. 

• Built-in high breakdown voltage output 
terminals (CMOS version) 

Max. 42V breakdown voltage 
FL tube direct drive is available. 

• Built-in LCD drive circuit (automatic 
display)(CMOS version) 

• LCD direct drive is available 

(1/4 duty LCD, Max. 12-digit display) 

• 1/4, 1/3, 1/2 duties or static LCD drive 
are programmably selectable. 

• Stand-by operation (NMOS/CMOS) 

Battery back-up, battery operation 
and condenser back-up are available. 

• On chip oscillator 

• TTL/CMOS compatible 

• +5V single power supply 
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Configuration of TLCS-47 Series 


Family 

77 -- Unit ^ 

Item — 

^Name^ 

ROM Capacity 

Bytes 

RAM Capacity 

Words 

Instruction Execution time 

, ys 

No. of instructions 


Subroutine nesting 

Levels 

External 

Interrupts —:- 

Internal 


Timer/counter 

Channels 

(Bit length) 

Bits 

1 

(Mode) 


Serial port 

Bits 

(Mode) 


(Clock) 


Divider 

Stage 

4 _i Input 


^ Output (corresponding 

a M to PLA) 


Q u --- 

^ S VO 

Bits 

o. I/O (Combined use) 


M . Total 


With built-in high output 
current terminals 


With built-in high break¬ 
down voltage terminals 

With built-in LCD driver 

Bits 

Memory Standby function 

' 

Hold function 

. 

Clock oscillator 


Power supply 

V 

Process 


Package 


Remark 





TLCS-47N 

TMP4740P TMP4720P TMP4700C TMP4799C 

/ noc o n/Q (External)(External) 

4,096 2,048 4,096 4,096 

256 _ 128 256 256 _ 

_ 2 _ 

90 _ 

Max. 15 
2 

4 (Serial I/O, timer/counter overflow(2), 
timer of divider) 


(Event counter, timer and pulse width 
measurement mode is programmably 
selectable.) 

4 (With buffer) 

(Receive/transmit mode is programmably 
selectable.) 

(External/internal, and leading/trailing 
edge mode are pr ogrammably selectable.) 

18 (With 4-stage prescaler) 

4 


With built-in 
+ 5.0 

Nch Si Gate E/D MOS LSI 
DIP -42 I QIC 


QIC-80 DIC-42 

Evaluator Evaluator 
Chip Chip(Pigs 

back type) 






Configuration of Series 


Series 


Family 


TLCS - 47 


TLCS-47N 


TLCS-47C 


.Evaluator. 
[ chip ; 


.Name 


TMP4740P TMP4720P.TMP47C40PTMP47C20P TMP47C22F 


TMP4700C 


ROM Capacity 


RAM Capacity 


Bytes 


Words 


4,096 

256 


2,048 

128 


4,096 

256 


2,048 

128 


2,048 

192 


(External) 

4,096 

256 


Instruction 
Execution time 


No. of 

instructions 


90 


Subroutine 

nesting 


Leve1s 


Max. 15 


Inter- External 
rupts Internal 


Time r/counter 


Channels 


(Bit length) 


Bi ts 


(Mode) 


4 (Serial I/O, timer/counter overf] ow(2), timer of d ivider)| 
2 

12 

(Event counter, timer and pulse width measurement 
mode is programmably selectable.) 


Serial p ort 


Bits 


(Mode) 


(Clock) 


4 (With buffer) 

(Receive/transmit mode is programmably selectable. )| 
(External/internal, and leading/trailing edge mode 
are programmably selectable.) 


Divider 



Input 


Output (cor- 

a 

responding to 

3 w 

PLA) 

O 4-1 

u 

I/O 

■U O 

I/O 

P. 

G 

(Combined use) 


Total 


Stage 


18 (With 4-stage prescaler) 


Bits 


4 

8 

16 

7 


35 


4 

0 

16 

7 


27 


16 

7 


35 


With built-in 
high output cur¬ 
rent terminals 


YES 


With built-in 
high breakdown 
voltage terminals] 


With built-in 
LCD driver 


YES 


YES 


YES 


Memory Standby 
function 


YES 


Hold function 


YES 


YES 


YES 

(YES) 


Clock oscillator 


With built-in 


Power supply 


+ 5.0 


Process 


Nch Si Gate 
E/D MOS LSI 


Si Gate C2M0S LSI 


Nch Si Gate 
E/D MOS LSI 


Package 


DIP - 42 


FP -67 


QIC - 80 
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TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT 

TMP4740P TMP4720P 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE DEPRESSION LOAD 



NMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N) 


TMP4740P, TMP4720P 


GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for the general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 

In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 


The TMP4740P and TMP4720P are the standard chips for the TLCS-47N. 
These chips are similar to each other, except memory capacity. 

The TMP4700C is an evaluator chip used for the system development. 


Part No. 

ROM (Bit) 

RAM (Bit) 

TMP4740P 

4,096 x 8 

256 x 4 

TMP4720P 

2,048 x 8 

128 x 4 

TMP4700C 

Externally provided 
(4,096 x 8) 

256 x 4 




• 4-bit single chip microcomputer with built-in ROM, RAM, input/output port, 
divider, timer/counter, and serial port. 

• Instruction execution time : 2 ys (at 4 MHz clock) 

• Effective instruction set 

90 instructions. Software compatible in the seires 

• Subroutine nesting : Maximum 15 levels 

• 6 interrupts (External : 2, Internal : 4) 

Independently latched control and multiple interrupt control 

• Input/Output port (35 pins) 

Input 1 port 4 pins 

Output (corresponding to PLA) 2 ports 8 pins 

I/O 4 ports 16 pins 

I/O (Note) 2 ports 7 pins 

Note : These I/O ports are also used for the interrupt input, timer/ 
counter input, and serial port; therefore, it is programmably 
selectable for each application. 

• PLA data converting function (Instruction) 

Output of data to output port (8-bit) 

• Table look-up and table search function (Instruction) 

Table can be set up in the whole ROM area. 

• 12-bit timer/counter (2 channels) 

Event counter, timer, and pulse width measurement mode is programmably 
selectable. 

• Serial port with 4-bit buffer 

Receive/Transfer mode is programmably selectable. 

External/Internal clock and Leading/Trailing edge mode are programmably 
selectable. 

• 18-stage divider (with 4-stage precaler) 

Frequency applied for timer interrupt of divider is programmably 
selectable. 

• High output current (Output ports) 

TYP. 20mA x 8 bits, LED direct drive is available. 

• Memory stand-by function : Battery backup is available. 

• On chip oscillator 

• TTL/CMOS Compatible 

• +5V single power supply 

• 42-pin DIL plastic package 

• N-channel Si gate E/D MOS LSI 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

Ri ■, 

PIN CONNECTIONS (TOP VIEW) 


TMP4740P 

TMP4720P 



kssl T l } _ 
Ra<-( INT l 


PIN NAMES AND PIN DESCRIPTION 


Pin Name 

No.of pin^ 

Input/Output 

Function 


R 4 3 ^ R 4 0 
R 53 ^ R 50 
R 6 3 ^ R 6 0 
R 73 a, r 70 

R 8 3 ( TD 
r 82 (INTI) 
R 81 C T2) 
R 80 (INT2) 

r 92 (sck) 

r 91 (SO) 

R 9 0 (SI) 
XlN> ^QUT 


Input 

Output 

Output 

_____ 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 


Input, Output 
Input 
Input 

Power supply 
Power supply 
Power supply 


Input port 

Output port (Corresponding to PLA) 

M ( ) 

I/O port 


I/O port or timer/counter input 
I/O port or interrupt input 
I/O port or timer/counter input 
I/O port or interrupt input 

I/O port or shift clock for serial port 
I/O port or serial output 
I/O port or serial input 

Resonator connection terminals 
Initialize signal input 
(Low level is input.) 

+5V 

+5V (Memory power supply) 

OV 






INTEGRATED CIRCUIT 


T|V|P4740P 

TMP4720P 


TECHNICAL DATA 


BLOCK DIAGRAM 




r 92 (sck) 

R 9 i(SO) 
r 90 ( ST ) 


33<T1) 

32 (tnti) 

=u(T2) 

3o (INT2) 


"O O ro O i-0 o 


BLOCK NAMES AND DESCRIPTION 


Block Name 

PC 

ROM 

IR, decoder 
HR, LR 

RAA 

RAM 

STACK 

SPW 

DC, data table 
AX, AY 
ALU 
AC 

FLAG (CF,ZF,SF,GF) 
K, P, R 
INTR Control 


TC ls TC 2 
TC control 
SIO control 
SYS control 
CG, TG 


Program counter (12 bits) 

Program memory (including fixed data) 

Instruction register. Decoder 

H register (page assignment of RAM), L register (address assign¬ 
ment in RAM page), (each 4-bit register) 

RAM address buffer register (8 bits) 

Data memory 

Save area of program counter and flags (RAM area) 

Stack pointer word (RAM area) 

Data counter (12 bits, RAM area), Data table (ROM area). 

Temporary register of ALU input 

Arithmetic and logic unit 

Accumulator 

Flags 

Ports 

Interrupt control (EIF: Enable interrupt master F/F, EIR: Enable 
interrupt register) 

Frequency divider (4-stage prescaler + 18 stages) 

12-bit timer/counter 2 channels (RAM area) 

Timer/counter control 
Serial port control 

Generation of various internal control signals 
Clock generator. Timing generator 







1. Program Counter (PC) 

2. Program Memory (ROM) 

3. H Register (HR), L Register (LR), RAM Address Buffer Register (RAA) 

4. Data Memory (RAM) 

(1) Stack (STACK) 

(2) Stack Pointer Word (SPW) 

(3) Data Counter (DC) 

5. ALU, Accumulator (AC) 

6. Flags (FLAG) 

7. Ports (PORT) 

8. Interrupt Control Circuit (INTR) 

9. Frequency Divider (FD) 

10. Timer/Counter (TCi, TC2) 

11. Serial Port (SIO) 


Concerning the above component parts, the configuration and functions of 
hardwares are described : 

Hexadecimal notation is used for the description, charts, and tables in order 
to indicate the address and the like, without assigning identification symbols 
as far as it does not give rise to confusion. 


The following names and symbols are used unconsciously. 


(a) CPU Control Processing Unit except for the built-in peripheral 

circuitry, such as interrupt control circuit, timer/counter, 
and serial port. 

(b) CP Clock pulse generated in the clock oscillator. 

It is called the "basic clock" or merely "clock". 


(c) fc 


Indicates the frequency of the clock oscillator, namely, the 
frequency of the basic clock. 


(d) 

(e) 


MSB/LSB Indicates Most/Least Significant Bit. 
F/F Indicates Flip/Flop. 
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It is a 12-bit binary counter, and the contents of the program counter 
indicate the address of program memory in which the next instruction to be 
executed is stored. 


The program counter generally gains increment at every instruction fetch by 
the number of bytes assigned to the instruction. However, when executing 
the branch and subroutine instructions or receiving the interrupt, the 
values specified by these instructions and operation are set. 

Value "0" is specified by initializing the program counter. 


The page structure of program memory is made with 64 words per page. 
The TMP4740P has 64 pages and the TMP4720P 32 pages. 

At the execution of (BSS a) instruction, the value assigned by the 
instruction is set in the lower 6 bits of the program counter when the 
branch condition is met. That is, the (BSS a) instruction is used as a 
branch or jump instruction within a page. If the (BSS a) instruction is 
stored in the last address of the page, the value in the higher 6 bits 
of the program counter indicates that the branch or jump instruction to 
the next page is executed. 

At the execution of (CALL a) instruction, the value specified by 
the instruction is set in the program counter after the previous contents 
of the program counter has been saved in the stack. Since 11 bits are 
of the address bit length which can be assigned by the instruction, the 
call address of subroutine should be in the range of addresses 000 - 7FF. 
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(b) Configuration of ROM 



(c) Special example of branch caused by (BSS a)instrustion. 


Fig.1.1.1 Program Countei and Program Memory (ROM) 
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1.2 Program Memory (ROM) 

Processing programs and fixed data are stored in the program 
memory. The next instruction to be executed is read out from the 
address indicated by the contents of the program counter. 


The fixed data stored in the program memory can be read by 
using the ROM data referring instruction or the PLA referring 
instruction. The ROM data referring instruction reads out the 
higher or lower 4-bit data of the fixed data stored in the address 
decided by the data counter [(LDH A, @DC+) and (LDL A, @DC) in¬ 
struction respectively], and stores the data in the accululator. 
The PLA referring instruction (OUTB @HL) reads out the fixed data 
(8-bit) stored in the address decided by the contents of the data 
memory indicated by the contents of H and L registers as well as 
contents of the carry flag, and outputs the data to output ports 
(P2 • PI). 


Addresses are individually assignged to the program memory and 
data memory, so that the fixed data in the ROM area cannot be directly 
read out by the address of the data memory. 


Specific Addresses of Program Memory 


The following addresses of the program memory are used for 
specific purposes. When not used for these purposes, the specific 
addresses can be used to store the processing programs and fixed data. 
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INTEGRATED CIRCUIT 



^odfuba 1 

TMP4740P 

Tun IiTaah 


ms 

TECHNICAL DATA 

TMP4720P 



Specific Address 

Specific Purposes 

000 

(001) 

Start address by initialization 

002 

(003) 

INTI Interrupt vector address 

004 

(005) 

ISI0 Interrupt vector address 

006 

(007) 

I0VF1 Interrupt vector address 

008 

(009) 

I0VF2 Interrupt vector address 

00A 

(00B) 

ITMR Interrupt vector address 

00 c 

(00D) 

INT2 Interrupt vector address 

8n + 6 


(n = 1 M.5) 

Call address by instruction (CALLS a) 

086 (Note) 


FEO 


e 

PLA data conversion table 

FFF 



Note : 086 (hexadecimal) = 134 (decimal) 


Table 1.2.1 Specific Address of Program Memory 





The TMP4740P and TMP4720P contain a program memory with 4,096 x 8-bit 
(addresses 000 - FFF) capacity and 2,048x 8-bit (addresses 000 - 7FF) capacity, 
respectively. But the TMP4720P contains a program counter with 12-bit length. 
Therefore, when one of addresses 800 - FFF is accessed in a program, the ROM 
data corresponding to addresses 000- 7FF read out. It is because there is 
no physical ROM in addresses 800-FFF, but the MSB in the program counter is 
not decoded. For example, when the data located in address FF3 is output to 
a port by the PLA referring instruction on a program, the data located in 
address 7F3 is read out. In the TMP4720P, the PLA data conversion table 
(addresses FEO - FFF) is, therefore, located in addresses 7E0 - 7FF. 

"0" [(NOP) instruction] is read out for the ROM data within the range 
of the built-in ROM capacity, if it is not specified by the user. 


Address 

000 


ROM 


Address 


ROM 


800 


FEO 



(TMP4740P) 


(TMP4720P) 


Fig. 1.2.1 ROM Capacity and Address 
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The H and L registers are 4-bit registers used as the data 
memory address pointers or general purpose registers. 

The page structure of the data memory is based on 16 words per 
page. Pages are specified by H register, and addresses in page are 
done by L register, respectively. TMP4740P has 16 pages and TMP4720P 
8 pages. 

The L register is also used to specify the bits corresponding to 
pins R 73 ^ R 4 q of the I/O port when instructions (SET @L), (CLR @L), 
and (TEST @L), are executed. 

The RAM address buffer register is a temporary register used to 
specify the address in the data memory, and serves as an input of the 
RAM address decoder. Normally, the data specified by the contents 
of the H and L registers or immediate data of an instruction is fed 
into the RAM address buffer register. 
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INTEGRATED CIRCUIT 


TMP4740P 

TMP4720P 


TECHNICAL DATA 


MSB LSB 


HR 

LR 

H R 3 

hr 2 

HR X 

™0 

LR 3 

lr 2 

LR X 

LR 0 


Page specification Address specification 
in page 



Fig. 1.3.1 H Register, L Register and Data Memory (RAM) 









INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP4740P 

TMP4720P 



1.4 Data Memory (RAM) 

The processing data of user are stored in the data memory. 

The data is read out or written in according to the address indicated 
by the contents of the RAM address buffer register. 


Specific addresses of data memory 

The data memory is also used for the following specific purposes. 
When it is not used for the respective purposes, the RAM of the 
corresponding address can be used to store the user processing data. 

(1) Stack (STACK) 

(2) Stack pointer word (SPW) 

(3) Data counter (DC) 

(4) Timer/Counter (TCI, TC2) 

(1) Stack (STACK) 

The stack, which is contained in the data memory (one level of 
the stack consists of 4-word RAM), is area to save the contents of 
the program counter (return address) and flag prior to jumping to the 
processing program at time of subroutine call or interrupt acceptance. 
To return from the processing program, (RET) instruction is used to 
restore the contents saved in the stack to the program counter, and 
(RETI) instruction is used to restore the contents saved in the stack 
to the program counter and flags. 

The location of the stack to save/restore the contents is deter¬ 
mined by the stack pointer word, which is automatically decremented 
after the saving operation, and incremented prior to the restoring 
operation. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP4740P 

TMP4720P 



(2) Stack Pointer Word (SPW) 

The address FF in the data memory is called a stack pointer 
word and decides the stack pointer. The stack is contained in the 
RAM, and accessed by the stack pointer. 

The stack pointer is decided with the format shown in Fig. 1.4.1, 
but this address indicates the lower RAM address in each level of the 
stack. 

Values "E" - M 0" can be assigned for the stack pointer word, so 
that the maximum of 15 nesting levels are available for the stack. 
However, when the timer/counter mentioned following is used, the level 
containing the RAM address corresponding to the timer/counter cannot 
be used for the stack (value "F" is not assigned to the stack pointer 
word, because the stack contains the RAM address corresponding to the 
stack pointer word). The stack pointer word is automatically updated 
by the subroutine call or interrupt acceptance; however, it cannot 
exceed the allowable size of the stack for the system configuration. 

Since the stack pointer word is never initialized in terms of 
hardware, it is necessary to set it to the highest possible level of 
the stack in the user’s initialization prpgram. For instance, it is 
set to ”C M level when the two channels of timer/counter are used. 


Note: The "level” indicates the depth of the nesting in the stack as 

well as the location of the next available stack. That is, it 
represents the contents of the stack pointer word. 
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* : Can be used to store the user processing data 
(a) Specific purposive map of RAM 



(b) Stack pointer and stack pointer word 



Fig. 1.4.1 Specific Address and Stack of Data Memory 







Data counter is a 12-bit binary counter used to specify the 
address when the data table in the ROM area is referred (ROM data 
referring instruction). 

The RAM address with 4-bit unit is allocated to the data counter, 
so that the initial value setting and the content reading of the data 
counter can be executed by the RAM manipulative instructions. 


MSB LSB 


(Data Counter) 


D 

c 

dc h 

j DCm 

| dc l 

(RAM Address) 

(FE) 

(FD) 

(FC) 


Fig. 1.4.2 Data Counter and RAM Address 


(4) Timer/Counter (TCI, TC2) 

The two channels of 12-bit timer/counter are built-in, and the RAM 
address with 4-bit unit is allocated to the timer/counter, so that the 
initial value setting and the content reading of the timer/counter can 
be executed by the RAM manipulative instructions. 

When the timer/counter 1 is not used, the stack lower from level 13 
can be used. When both of the timer/counter 1 and 2 are not used, the 
stack lower from level 14 can be used. 


(Timer/Counter 1) 
(RAM Address) 


(Timer/Counter 2) 
(RAM Address) 


MSB 


LSB 

TC1 1 

tci h 

1 tci m 

tci l 

(F6) 

(F5) 

(F4) 


MSB 


LSB 

TC2 ] 

TC2 H 

I TC2 M 

TC2 L 

(FA) 

(F9) 

(F8) 


Fig. 1.4.3 Timer/Counter and RAM Address 


(5) Page 0 in Data Memory 

Page 0 in the data memory (addresses 00 - OF) is effectively used 
as a flag or pointer in a user’s program. 
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Data memory contained in TMP4740P has a 256 x 4-bit (addresses 00 - 
FF) capacity, and that contained in TMP4720P has a 128 x 4-bit (addresses 
00 - 7F) capacity. 


Since the TMP4720P also has the RAM address buffer register of 8-bit 
length, there is no physical RAM in addresses 80 - FF in the TMP4720P. 
However, the RAM equivalent to addresses 00 - 7F are referred when addresses 
80 - FF are accessed in a program, because the MSB of RAM address buffer 
register is not decoded. That is, the specific RAM address is distributed 
to CO - FF in a program, but the RAM equivalent to addresses 40 - 7F are 
assigned in the TMP4720P. 

Address RAM Address RAM Address RAM 



(TMP4740P) (TMP4720P) 

(a) RAM Capacity and Address (b) RAM Map example of TMP4720P 

,TCi, TC 2 and stack^ 

''5 level are used. 

Fig. 1.4.4 RAM Capacity and Address 
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1.5 ALU, Accumulator (AC) 

The ALU is a circuit used for various arithmetic and logical 
operation for 4-bit binary data. It performs the operation designated 
by the instruction, and outputs the 4-bit result, carry (C), and 
zero detection signal (Z). 

The accumulator is a 4-bit register to use a source operand 
for the arithmetic operation, and in which the result is stored. 


AY | | AX | r . 

jtjn —- 


ALU 




C --(AX and AY are temporary registers.) 

Output of result 


MSB LSB 

3 2 10 


(Accumulator) 


Fig. 1.5.1 ALU, Accumulator 


Detection of operating condition 

Output C from the ALU indicates the carry output from the most 
significant position in the addition operation. 

However, the subtraction is executed with the addition of the 2's com¬ 
plement, so that output C in the subraction operation indicates the 
"non-borrow" from the most significant position (i.e., in case of non- 
borrow, C = "1"). Accordingly, borrow (B) can be represented with "C". 

Output Z indicates the zero detection signal to which "1" is applied 
when all of the 4-bit data transferred to accumulator or output of the ALU 
are cleared to zero. 
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Example (4-bit operation) 

(a) 4 + 5 = 9 (C = 0, Z = 0) 

(b) 7 + 9 = 0 (C = 1, Z = 1) 

(c) 3 - 1 = 2 (B = 0, Z = 0) 

(d) 2 - 2 = 0 (B = 0, Z = 1) 

(e) 6 - 8 = -2 or E (B = 1, Z = 0) 

Note : B = C is indicated. 

1.6 Flag (FLAG) 

Flag is a 4-bit register used to store the condition of arith¬ 
metic operation, and of which the set/reset conditions are specified 
by the instruction. The flag consisting of CF, ZF, SF, and GF is 
saved in the stack when the interrupt is accepted. By executing the 
(RETI) instruction, it is restored from the stack to the conditions 
immediately before the interrupt is accepted. 


3 2 10 



Fig. 1.6.1 Flag 


(1) Carry Flag (CF) 

This flag is used to hold the carry in the addition operation 
as an input to the ALU by the (ADDC A, @HL) instruction as well as 
to hold the non-borrow in the subtraction operation (the carry in the 
addition of the 2’s complement) as an input to the ALU by the 
(SUBRC A, @HL) instruction. The rotate instruction makes the flag 
hold the data shifted out of the accumulator. 
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(2) Zero Flag (ZF) 

This flag is stored the zero detection signal (Z) when the 
instruction designate to change. "1" is set if all 4 bits are cleared 
to zero by an arithmetic operation or data processing. 

(3) Status Flag (SF) 

This flag is set or reset according to the condition specified 
by the instruction. With the exception of particular cases, it is 
usually presented at every execution of an instruction, and holds 
the contents of the result during execution of the next instruction. 

It is normally set to "1", but is reset to "0" for a time under the 
certain condition (it varies according to the instruction, for ex¬ 
amples, when the result is zero, when carry occurs in the addition, 
or when borrow occurs in the subtraction, the flag is reset). 

The status flag is referred to as branch condition in a branch 
instruction. The memory location is branched when this flag is set 
to "1"; therefore, normally the branch instruction can be required 
as "unconditional jump instruction". On the contrary, the instruction 
becomes a "conditional instruction" if it is executed immediately 
after loading the instruction to set/reset the status flag according 
to the condition determined by some previous instruction. 

The status flag is initialized to "1" at initialization, 
and is also set to "1" after the contents have been saved in the 
stack when the interrupt is accepted. The contents saved in the 
stack is restored by the (RETI) instruction. 

(4) General Flag (GF) 

This is a single-bit general purpose flag, being set or reset, 
and also used in a test by a program. This can be used for any 
purpose in the user program. 
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Data transfer to/from the external circuitry, and command/ 
status/data transfer between the built-in periferal circuitry 
are carried out by the input/output instructions. 


(a) Input/Output port : Data transfer to/from external circuitry. 

(b) Command/data output : Control of circuitry of built-in 

peripheral circuitry, and output of data. 

(c) Status/data input : Input of status signal(Note) anc j d a t a from 

the built-in peripheral circuitry. 

Note : Status signal is provided from serial port and is 
different from the status flag (SF) . 


To transfer the data or to control the circuitry, each port 
or register is selected by designating the address (Port address) 
by input/output operational instructions (13 instructions) in the 
same way as the memory. 

The port address is composed of 5 bits (addresses 0 - 31). 

The address to be accessed differs according to a instruction. 

By way of caution, the port address space is independent of the 
program memory address space and the data memory address space. 

Every output port contains a latch in order to hold the output 
data. Since every input port is operated without latching, it is 
desired to externally hold the data to be input from the external 
devices till the data is completely read out, or to read the data 
several times to confirm the contents. 

The details to specify the input/output circuit format of ports 
and initialization of the output latch are 2.6 (2) Input/Output Circuit 
Format. 
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Port 

Symbol 

ad- 

(Input/ 

dress 

Output) 

00 

IPOO/OPOO 

01 

IP01/OP01 

02 

IP02/0P02 

03 

IP03/OP03 

04 

IP04/0P04 

05 

IP05/OP05 

06 

IP06/OP06 

07 

IP07/OP07 

08 

IP08/OP08 

09 

IP09/OP09 

0A 

IP0A/OP0A 

0B 

IP0B/OP0B 

OC 

IP0C/OP0C 

0D 

IP0D/OP0D 

0E 

IP0E/OP0E 

OF 

IP0F/OP0F 

10 

/OP10 

11 

/0P11 

12 

/ 0P12 

13 

/ OP13 

14 

/ 0P14 

15 

/ 0P15 

16 

/OP 16 

17 

/ OP17 

18 

/OP 18 

19 

/ 0P19 

1A 

/ 0P1A 

IB 

/ OP IB 

1C 

/0P1C 

ID 

/ OP1D 

IE 

/OP IE 

IF 

/ 0P1F 


Port, Register 
(Input/Output) 


K 0 Input port / •^^ t 

Pi Output latch/ port 
P 2 " /P 2 " 


R* 

R 5 

r 6 

r 7 

R 8 

R 9 


I/O port 


Status input/ 
(*) / 


(**) 


/ -— 

/P 2 *Pi output port 

(8-bit output) 

/ - 

/ - 


/ 


/ 


(a) 


(b) 

(c) 

(d) 


Input/Output Instructions j 







SET @L 

IN %P, A 

OUT A ,%P 



SET%P,b 

TEST %P,b 

CLR @L 

IN %P,@HL 

OUT@HL,%P 

0UT//K,%P 

OUTB @HL 

CLR%P,b 

TESTP%P,b 

TEST @L 

0 





0 


0 

0 

0 


0 

0 


0 

0 

0 


0 

0 


0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 


0 

0 

0 


0 

0 


( *) Serial buffer registe 

r (Recept 

ion) 



(**) Serial buffer register (Transmission) 



0 





0 


0 

0 

0 








0 




(a) Coni 

:rol with 

:imer int 

errupt of 

divider 



(b) Timer/Counter 

1 control 





0 






(c) Timer/Counter 

2 control 




(d) Serial port control 






0 







0 







0 








m 

n 

X 

z 
n 
> 
i— 

o 

> 


>; 


O 

Q 

O 


Note 1: Inputs (IP10 - IP1F) of port addresses 10 - IF remain undefined. 

Note 2: Port addresses with "-" mark are reserved addresses and cannot be used at user’s program. 

Note 3: 0P11 is automatically accessed by (OUTB @HL) instruction, but cannot be done by the instructions 
other than this one. 

Table 1.7.1 Port Address Allocation and Input/Output Instructions 











(1) K 0 (K 03 ^Koo) Port 

This is a 4-bit port used for input. 


Input data 






MSB 



LSB 

3 

2 

1 

0 

k 03 | 

Ko 2 

Koi 

Koo 


Fig. 1.7.1 K 0 Port 


(2) Pi (Pi3^Plo)» p 2 ( p 23 %p 20^ Port 

These ports are 4-bit ports with a latch used for 
output. The latch data can be read by the instruction. 

These two ports can independently access by specifying port ad¬ 
dresses IPOl/OPOl, and IP02/OP02. In addition, they can output 8-bit 
data by the (OUTB @HL) instruction. 

PLA data conversion 

A hardware PLA is not contained in the system; however, the func¬ 
tion equivalent to it can be performed by access to the PLA data con¬ 
version table provided in the RCM by use of the (CUTB @HL) instruction. 

The PLA referring instruction (OUTB @HL) : This instruction reads out 
the 8-bit data stored in the program memory, whose address is determined 
by the contents of the data memory indicated by the contents of the H and 
L registers as well as the contents of the carry flag, and outputs the 
data to 8-bit ports P2 and PI. At this time 0P11 is automatically 
selected as the port address. 
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Ports PI and P2 are capable of reading the latch data by the 
instruction, so that the data output by the PLA referring instruc¬ 
tion can be qualified or modified; that is, the convert pattern can 
be changed or the numbers of pattern will be increased. 

MSB LSB 



7 

6 

5 

4 

3 

2 

1 

0 

Conversion data 

P 23 

P22 

P21 

P 2 0 

[p^ 

P12 

Pn 

P10 


Input data - 
Output data - 


atch 


(Pin) 


Fig. 1.7.2 Pi and P 2 Ports 


(3) R 4 (R 43 ^ R40) » r 5 ( r 53 % r 50 ) » R6(R63^R60), R 7 (R73 ^ ^70) Port 

Each of these ports is a 4-bit I/O port with a latch. The 
latch should be set to " 1 " when the port is used as an input port. 


Pins R 73 -R 40 can be 
used for bit scanning for 
set/reset and test accord¬ 
ing to the contents of the 
L register by executing 
the (SET @L), (CLR @L) and 

(TEST @L) instructions. 

Table 1.7.2 shows the pins 
corresponding to the con¬ 
tents of the L register. 

Table 1.7.2 Correspondence of Individual 

Bits of L Register and 1/3 Port 


L register 

Correspond- 

L register 

Correspond- 

3 

2 

1 

0 

ing Pin 

3 

2 

l! 

0 

ing Pin 

0 

0 

0 

0 

R40 

1 

0 

0 

0 

*60 

0 

0 

0 

1 

R41 

1 

0 

0 

1 

R61 

0 

0 

1 

0 

R 42 

1 

0 

1 

0 

R62 

0 

0 

1 

1 

r 43 

1 

0 

1 

1 

*63 

0 

1 

0 

0 

r 50 

1 

1 

0 

0 

*70 

0 

1 

0 

1 

r 51 

1 

1 

0 

1 

*71 

0 

1 

1 

0 

R52 

1 

1 

1 

0 

*72 

0 

1 

1 

1 

r 53 

1 

1 

1 

1 

R73 
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Input data 
Output data 


Latch 


Note 

H> 


-Q (Pin) 


Note 


For bit set/reset of port, 
latch outnut serves as inout data. 


Fig. 1.7.3 R 4 ^ R 7 Ports 


(4) Rg (Rgg ^ Rg 0 ) Port 

This is a 4-bit I/O port with a latch. The latch should be set 
to " 1 " when the port is used as an input port. 

It is a port common to external interrupt input or external timer/ 
counter input. When it is driven by the external circuitry, such as 
external interrupt input or external timer/counter input, the latch 
must be set to "1". When it is used as normal I/O port, some measures, 
such as inhibition of the external interrupt input acceptance or disable 
of the mode depending on the external input of the timer/counter should 
be taken in a program. 


(Note) When pin R 32 (INTI) is used as a port, INTI interrupt request 
takes place because the falling edge of the pin input/output 
is detected (interrupt enabling master F/F is normally set to 
"l"). This causes the CPU to process a dummy interrupt 
acceptance [e.g. the (RETI) instruction only is executed]. 
When pin RgQ (INT2) is used, INT2 interrupt request also 
takes place in the same manner as the case of pin Rg 2 > but 
the interrupt request is not accepted by merely resetting 
the LSB (EIRq) of the enable interrupt register to "0" in 
advance. Therefore, the above processing is not required. 
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MSB LSB 

3 2 10 


Re 3 

R 8 2 

R 8 1 

R 8 0 

(Tl) 

(INTI) 

(T2) 

(INT2) 


Control input 
Input data 

Output data 



| Note 

H> 







a 


(Pin) 


Note: For bit set/reset of port, latch 
output serves as input data. 


Fig. 1.7.4 R 8 Port 


(5) R9(R92^R9o) Port 

This is a 3-bit I/O port with a latch, and the latch must be 
set to " 1 " when it is used as input port. 

The R 9 port is also used as serial port. The latch must be set to 
"1" when R9 port is used as serial port. The port used as normal 
I/O port is not entirely influenced by disabling the serial port. 
Pin R93 is not mounted in the port, but "1" is read by accessing to 
pin R93 in a program. 


Serial control 
Input data 

Output dara 

Serial control 


MSB LSB 



Note! For bit set/reset of port, latch 
output serves as input data. 


Fig. 1.7.5 R 9 Port 
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Interrupt factors are composed of two from the external 
circuitry, and four from the internal circuitry. By setting the 
interrupt latch provided for each factor, an interrupt request is 
generated to the CPU. The interrupt latch is set when the edge of 
the input signal is detected. 

The interrupt request is not always accepted by the CPU if 
generated. It is not accepted till the priority in the six factors 
determined according to the hardware and the enabling/disabling 
control by the program become all affirmative. 

In order to control enabling/disabling of interrupt by the 
program, an F/F (EIF) and a 4-bit register (EIR) are provided. 

By using these means, preferential acceptance of the interrupt 
factors by the program, and multiple interrupt control can be 
realized. 
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^ 06 /uba 


TMP4740P 

TMP4720P 


INTEGRATED CIRCUIT 


TECHNICAL DATA 



Extc 

Factor 

Priority 
according 
to hardware 

Interrupt 

Latch 

Enable con¬ 
dition accord¬ 
ing to program 

Vector 

Address 

srnal interrupt 1 (INTI) 

(Higher) 

1 

INTL 5 

(Note 1) 

EIF = 1 

002 

Internal interrupt 

Serial 

Input/Output (ISIO) 

interrupt 

2 

intl 4 

EIF* EIR 3 = 1 

004 

Timer counter 1 

Overflow (I0VF1) 

interrupt 

3 

intl 3 

EIF-EIR 2 = 1 

006 

Timer counter 2 

Overflow (I0VF2) 

interrupt 

4 

intl 2 

(Note 2) 
EIF-EIR-l = 1 

008 

Timer interrupt 

(ITMR) 

of divider 

5 

INTLjl 

(Note 2) 
EIF* EIR X = 1 

00A 

External interrupt 2 (INT2) 

6 

(Lower) 

INTLq 

EIF-EIRq = 1 

00c 


Interrupt enabling master F/F Interrupt enabling register (EIR) 


EIF 


MSB 

3 

2 

1 

LSB 

0 

EIR 3 

EIR 2 | 

EIR! 

M 
1—l 
& 
O 


(Note 1) Since EIR register cannot make disabling of the INTI 

interrupt, this interrupt is always accepted under the 
interrupt enabled condition (EIF = 1). Therefore, this 
should be used for the interrupt requiring the first 
priority such as emregency interrupt. 

(Note 2) The given acceptance condition by the program is the same 
in I0VF2 and ITMR; accordingly, the action of these inter¬ 
rupts to the acceptance/inhibition control is the same. 

Table 1.8.1 Interrupt Factors 


284 




INTEGRATED CIRCUIT 


TECHNICAL DATA 


TFIP4740P 

TMP4720P 


(INT1^>_ 


[Interrupt Latch] 


Priority 

decision 


(IOVFl) 


(IOVF2) 


Vector 
. address 

' g ene ra- Address information 
tion - —f- -*► 



Acceptance signal 


Interrupt 
request signal 


Reset by 
instruction 


Hardware reset 


Fig. 1.8.1 Interrupt Control Circuit 
Instruction 

, cycle ,_,_,___, 


—X.—-- 

Execution of Interrupt accept- Execution of 00A Execution of 

instruction ance processing address instruc- instruction 

tion (Jump in¬ 
struction) 

Note: On the assumption that EIRi= 1, without other interrupt requests 


Fig. 1.8.2 Interrupt Acceptance Timing Chart (Example) 







(1) Interrupt processing 

The interrupt request signal to be sent to the CPU is held by 
the interrupt latch till the request is accpeted or the latch is 
reset by the initialization operation or instruction. 

The processing for the interrupt acceptance is performed 
within two instruction cycle time after the completion of the ex¬ 
ecution of instruction (after the completion of the timer/counter 
processing if it is required). 

The following operations are performed by the interrupt service 
program. 

(T) The contents of the program counter and flag are saved in the 
stack. 

(2) The vector address is set to the program counter according to 
the interrupt factor. 

(A jump instruction to each interrupt service program is usually 
stored in the program memory corresponding to the vector 
address.) 

(3) The status flag is set to "1". 

(4) The interrupt enabling master F/F is reset to "0" to inhibit 
the subsequent interrupt acceptance for a time. 

(5) The interrupt latch of the accepted interrupt factor is reset 
to ”0". 

(6) The instruction stored in the vector address is executed. 

The interrupt service program terminates after the execution of the 
(RETI) instruction. 

The following operations are performed by the (RETI) instruction. 
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(7) The contents of the program counter and flag are restored out 
of the stack. 

(2) The interrupt enabling master F/F is set to "1". 

When the multiple interrupt is accepted, the interrupt enabling 
master F/F should be set by the instruction. At this time, the enabl¬ 
ing/disabling for each interrupt factor can be changed by updating 
the interrupt enabling register by the (XCH A, EIR) instruction. 

The program counter and flag are automatically saved/restored in 
the interrupt processing. However, if saving/restoring of the ac¬ 
cumulator and other registers is necessary, it should be designated 
by a program. 

(2) Interrupt control by program 
EIF 

This is an enabling interrupt master F/F. Interrupt is put in 
the interrupt acceptance enabling state by setting the EIF to "1". 

It is reset to "0" immediately after having accepted an interrupt to 
inhibit the subsequent interrupt acceptance for a time, but is set 
to "1" again by the (RETI) instruction after the completion of the 
interrupt service program to return the enable state again. And then 
the other interrupt can be received. 

The EIF can be set/reset in a program by using the (EICLR IL,r) 
and (DICLR IL, r) instructions. It is reset to "0” at initialization 
operation. 

EIR register 

This is a 4-bit register used for selection/control of enabl¬ 
ing/disabling of the interrupt acceptance in a program. 
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Read/write operation is performed by use of the (XCH A, EIR) 
instruction. It is set to "0" at the initialization operation. 


Interrupt latch 

The interrupt latches (INTL 5 - INTLq) provided for each inter¬ 
rupt factor are set by the rising edge of the input signal if the 
interrupt is caused by the internal factors, and are set by the 
falling edge of the input pin if it is caused by the external fac¬ 
tors. Then, interrupt request signal is sent to the CPU. The 
interrupt latch holds the signal till the interrupt request is ac¬ 
cepted, and is reset to " 0 " immediately after the interrupt has been 
accepted. 

Since the interrupt latch can be reset to "0" by the (EICLR 
IL, r), (DICLR IL, r) and (CLR IL, r) instructions, the interrupt 
request signal can be initialized by a program. The latch is reset 
to " 0 " at the initialization operation. 


1.9 Frequency divider (FD) 

The divider (FDi ~ FD|g) i- s ma de up 18-stage binary counter, 
and its output is used to generate various internal timing. 

The basic clock (fc Hz) is divided into sixteen by the timing 
generator and input to the divider; therefore, the output frequency 
at the last stage is fc/ 2 ^ Hz. 

It is reset to "0" at the initialization operation. 

Timer Interrupt of divider (ITMR) 

The divider is capable of sending the interrupt request for a 
certain frequency. Four different frequencies can be selected 
for timer interrupt by instructions. 
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The command register is accessed as port address 0P19, and is reset 
to "0" at time of the initialization. 

The timer interrupt of divider is caused from the rising edge 
of the first output of the divider after the data has been written 
in the command resister. 


aasic 
clock (CP) 

Prescaler 


FD X 


n 

r 

— 

— 

— 

— 

— 

— 1 

— 

— 

— 




n 

n 

(fc Hz) 

(TG) 

(fc/16 Hz) 

2 

l 


lj 

L 

7 

LJ 

8 

9 

LJ 

10 

LJ 

11 

12 

LJ 

13 

H 

Id 

H 

L 

18 


(fc/2 22 Hz) 


(a) Structure of frequency divider 


MSB LSB 

„ . , , 3 2 10 

.Port address^ ---- 

K OP19 ' 

* 0 * * 

*10 0 
* 1 0 1 

*110 
*111 


(*: don’t care) 

Disable 

Interrupt frequency fc/2 10 Hz 
" fc/2llHz 

m fc/2l2nz 

" fc/2 13 Hz 


Interrupt fre¬ 
quency (Hz) 

For example, 
fc=4.194304MHz 

fc/2 10 

4,096 Hz 

fc/2 11 

2,048 Hz 

fc/2!2 

1,024 Hz 

f c/2!3 

512 Hz 


(b) Command register 


Fig. 1.9.1 Frequency Divider 
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1.10 Timer/Counter (TCj, TC 2 ) 

Two channels of 12-bit binary counter is contained to count 
time or event. 

Since the RAM address with 4-bit unit is allocated to the 
timer/counter, the initial value setting and the content reading 
of the timer/counter can be executed by the RAM manipulated 
instructions. 


MSB LSB 

(Timer/Counter 1) 

(RAM Address) 


(Timer/Counter 2) 

(RAM Address) 

Fig. 1.10.1 Timer/Counter 

(1) Timer/Counter Control 

The timer/counter is controlled by the command specifying 
the operation mode. The command register for the timer/counter 
1 and timer/counter 2 is accessed as port addresses 0P1C and 
OP1D, respectively. It is reset to "0" at the initialization 
operation. The count operation is started from the first rising 
edge of the count pulse applied by setting the value (mode) to 
the command register. 

When the timer/counter is not used, the RAM addresses 
corresponding to the timer/counter can be used to store the 
user processing data by selecting the "disable" state. In the 
timer mode, the external input pins can be used as I/O ports 
[R 83 (Tl), R gl (T2)]. 


MSB _ LSB 

TC2 

TC2H 1 TC2M | TC2L 
(FA) (F9) (F8) 


_ TCI _ 

TC1H | TClM | TC1L 

(F6) (F5) (F4) 


290 





TCI Command register 
(Port Address 0P1C) 


TC2 Command register 
(Port Address 0P1D) 


(a) Command register 


MSB 

3 


MSB 

3 


LSB 

0 


LSB 

0 


10 


11 


Selection of Count Mode 


00 : Disable state 
01 : Event count mode 

(Counts external input) 

Timer mode 

(Counts internal pulse.) 

Pulse width measurement mode 
(Counts the pulse obtained by 
sampling of external input by 
use of internal pulse.) 


Selection of Internal Pulse 
(Divider Output) Rate 


00 

fc/2l0 

Hz 

is 

counted 

01 

fc/214 

Hz 

is 

counted 

10 

fc/218 Hz 

is 

counted 

11 

fc/2 22 

Hz 

is 

counted 


(fc: Basic clock frequency) 


Internal Pulse 
Rate (Hz) 


For example, fc= 

4.194304 MHz 

Time (SEC) 

Internal Pulse 
Rate (Hz) 

Max. Setting 
Time (SEC) 

fc/2 10 

2 22 /fc 

4,096 

1 

fc/2 14 

2 28 /fc 

256 

16 

fc/2 18 

2 2 °/f c 

16 

256 

fc/2 22 

234/f c 

1 

4,096 


(b) Selection of timer rate 


Fig. 1.10.2 Control of Timer/Counter 
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(2) Count Operation 

When the rising edge of the count pulse is detected, the count 
latch is set to send a count request to the CPU. 

The count operation of the timer/counter is performed requiring 
one instruction cycle time after completion of the instruction ex¬ 
ecution. The execution of the next instruction and the acceptance 
of the interrupt request are kept waiting during the operation. 

When the count request is sent from the timer/counter 1 and 2, at 
the same time, the count request of the timer/counter 1 is prefer¬ 
entially executed. 

The maximum frequency applied to the external input pin under 
the event counter mode is fc/32 Hz if one channel is used. When 
two channels are used, fc/32 Hz is applied to the timer/counter 1, 
and fc/40 Hz to the timer/counter 2. 

In the timer mode, the maximum frequency is determined by 
a command. 

The maximum frequency applied to the external input pin in the pulse 
width measurement mode should be the frequency level available for 
analyzing the count value in the program. Normally, the frequency 
sufficiently slower than the designated internal pulse rate is 
applied to the external input pin. 
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Counter n ^ n + 1 n + 2 n + 3 

(a) Event counter/timer mode 


External input pin 


Internal pulse 

Count pulse 
Counter 


_j i_m_rn_i i_n_r~ 

_i lj i_i i_n_ 

n "X n + i X n + 2 ~y n + 3 ~^x n + 4 

(b) Pulse width measurement mode 
Fig. 1.10.3 Mode and Count Value of Timer/Counter 


Decrease in execution speed of instruction due to count operation 


The CPU carries out the count operation requiring one instruction 
cycle time for the count request. Therefore, this causes the decrease 
in the apparent speed of instruction execution. Some examples are 
shown below : 

(a) In the timer mode with count pulse rate of fc/2 Hz : 

The count operation is inserted once every 128-instruction 
cycle time, so that the apparent speed is decreased by 1/127=0.8% 
instruction execution speed. For example, the apparent speed is 
2.016ys to 2ys instruction execution speed. 

(b) In the event count mode : 

It depends on the count pulse rate applied to the external 
input pin. In the worst case, when the timer/counter 1 and 2 
are operated at the same time with the maximum count pulse rate, 
the count operation is inserted once every 4-instruction cycle 
time for the timer/counter 1, and once every 5-instruction cycle 
time for the timer/counter 2. 
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The apparent speed of the instruction execution, therefore, de¬ 
creases by 9/11=. 82%. The apparent speed is 3.64qs to 2ys instruc¬ 
tion execution speed. 

(3) Interrupt by overflow (I0VF1, I0VF2) 

At the time when the overflow occurs, the timer/counter gene¬ 
rates the interrupt request. 

That is, the interrupt request is generated when the count value of 
FFF is changed to 000. The counting is continued after the interrupt 
request signal is generated. Assuming that the CPU provides the 
interrupt enabling state, and that the interrupt is accepted as soon 
as the overflow interrupt has been generated, the interrupt process¬ 
ing can be performed in the sequence illustrated in Fig. 1.10.4. 

Instruction 



Execution _ Execution Interrupt Execution of 

£ . Count . . ^ . 

of in- of m- acceptance instruction 

struction y struction processing (jump) 


Fig. 1.10.4 Timing Chart of Timer/Counter in 
Interrupt by Overflow 
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1.11 Serial Port (SIO) 

A 4-bit serial port with a buffer is provided to transfer the 
serial data from/to the external circuitry. It is connected to 
the external circuitry through three pins [R92 (SCK), Rg^ (SO), R 90 
(SI)]. Since these pins are also used as port R 9 , the output latch 
of the R 9 port should be set to "1" when the serial port is used. 
When it is not used, the pins can be used as I/O port R 9 . 


Pin R 90 in the transmit mode and pin Rg^ in the receive 
mode are also available as I/O port pin. 


(1) Circuit configuration 

The serial port consists of a 4-bit shift register, a 4-bit 
buffer register, and its control circuit. 

(Internal Bus) 



(Internal Bus) 


SR : 4-bit shift register SIOC : Serial port control circuit 

SB : 4-bit buffer register ^s : Internal shift clock 

ISIO : Interrupt request 

Fig. 1.11.1 Circuit Configuration of Serial Port 
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(2) Serial port control 

The serial port operation is controlled by the command. The 
command register is accessed with port address 0P1F, and reset to 
"0" at the initialization operation. The operation status can be 
informed through the status input, which is accessed with port 
address IPOE. 


Serial port com¬ 
mand register 
.Port address. 
( 0P1F ; 


Serial port 
status input 
.Port address. 
uPOE > 


MSB 

3 

2 

1 

LSB 

0 

ESIO 

RM 

LM 

ECKM 


lo 



L° 

fi 

.0 


MSB 



LSB 

3 

2 

1 

0 

SIOF 
_1 

SEF | 

* 

M 



Serial transfer enable or 
start request. 

Serial transfer disable or 
end request. 

Receive mode 
Transmit mode 

Shift operation at the lead¬ 
ing edge of the shift clock 

Shift operation at the trail¬ 
ing edge of the shift clock 

External input is served 
as shift clock. 

Internal clock is served 
as shift clock. 


don’t care) 


Operating condition of serial transfer 

Stopping or disabling condition 
of serial transfer 

Shifting operation can be monitored, 
and is used at time of transfer 
end request. 
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Fig. 1.11.2 Command Register, Status Input 





(3) Shift clock (SCK) 

The following shift clock modes can be selected by the contents 
of the command register. 

(a) Clock source (External/internal mode) 

(b) Shift edge of clock (Leading edge/trailing edge mode) 

Internal clock mode 

id 2^ i- s used for the shift clock (when the basic clock fre¬ 
quency fc is 4.194304 MHz, the shift clock frequency is 32.768 kHz.). 

At this time, the clock is supplied to the external devices through 
the SCK pin. If the data setting (transmit mode) or the data read¬ 
ing (receive mode) rate by the program cannot follow the clock rate, 
the shift clock is automatically stopped and the next shift operation 
is suspended until the data processing is completed ( M Wait"operation). 

External clock mode 

The shift operation is performed by the clock provided from the 
external circuitry since the SCK pin serves as an input. 

Leading edge shift mode 

Data is transmitted (transmit mode) or received (receive mode) 
at the leading edge of the SCK pin signal. 

Trailing edge shift mode 

Data is received (receive mode) at the trailing edge of the 
SCK pin signal. 

The SCK pin must be set to the "high" level when the serial trans¬ 
fer is started. In the internal clock mode, the SCK pin is automat¬ 
ically set to the "high" level because it serves as an output. 
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TMP4740P 

TMP4720P 


ms 


INTEGRATED CIRCUIT 
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(4) Operation mode 

Selection of the following three transfer modes is available 
by changing the combination of the RM bit and LM bit of the com¬ 
mand register. 


RM 

(Bit 2) 

LM 

(Bit 1) 

ECKM 
(Bit 0) 

Operation Mode 

0 

0 

1/0 

Can not be used 

0 

1 

1/0 

Transmit mode (Note) 

(External/Internal clock) 

1 

0 

1/0 

Receive(Trailing edge shift) mode 
(External/Internal clock) 

1 

1 

1/0 

Receive(Leading edge shift) mode 
(External/Internal clock) 


(Note) Leading edge shift operation is performed. 
Table 1.11.1 Operation Mode of Serial Port 


In the transmit mode, the 4-bit data written to the buffer 
register from the CPU is shifted out by the shift register, and is 
output in the SO pin from the data of the LSB in sequence. The buf¬ 
fer register is accessed as the port address OPOF. 

In the receive mode, the data to be input to the SI pin is 
shifted toward the LSB by the shift register in sequence, and is 
set in the buffer register after the 4-bit data has been received. 

The CPU reads the contents of the buffer register, which is 
accessed as the port address IPOF. 
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| Transmit mode J 

After this mode is set in the command register, the first 
transmit data (4-bit) is written in the buffer register (the data 
cannot be written in the buffer register, if the transmit mode is not 
set). Then the data can be transmitted by setting the ESIO (MSB 
of command register) to "1 M . The content of the buffer register 
is transferred to the shift register by the first shift clock, and 
the data in the LSB (Dq) is output to the SO pin. The buffer regis¬ 
ter then becomes empty, so that the interrupt (ISIO) requesting the 
next data takes place (buffer empty). After that, the remaining data 
(Df - D 3 ) is automatically shifted out by the shift register by one 
data at a shift clock. The control by use of a program is not 
necessary in this operation. 

Data is written in the buffer register by outputting the next 
transmit data (4-bit) to the port address OPOF in the interrupt 
service program, and at the same time the interrupt request is 
reset to " 0 ". 

Internal clock operation 

In case of fc/2? Hz internal clock operation, if the next data 
is not set in the buffer register (OPOF has not been accessed by the 
program) though the 4-bit data has been entirely shifted out, the 
shift clock automatically stops, and the wait operation is taking 
place until the data is set. 

The maximum transmission rate is 31250 bit/sec. at the 4 MHz 
basic clock. 
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External clock operation 

Since the shift operation synchronizes entirely with the clock 
provided from the external circuitry, the data should have been 
written in the buffer register before the next 4-bit data is shifted 
out. Therefore, the transfer rate is determined by the maximum 
time lag from the receipt of interrupt request (ISIO) to the writing 
of data in the buffer register by the interrupt service program. 


ESIO 


SCK(OUTPUT) i_n_n_n_r 


so 


ISIO 


7L_n_n_rL_r“ 

iVn * V tv V ri ’ V tV _ 


me 



SB(OPOF)/w?x D 


(a) Internal clock operation (with wait operation) 


ESIO _f 



(b) External clock operation 

Fig. 1.11.3 Transmit Mode 
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Completion of transmission 

When the buffer register becomes empty, the interrupt occurs 
to request the next data. In case where the transmission is desired 
to be completed after the data is entirely transferred, the transmit 
operation can be stopped upon completion of transferring the current 
data shifted out, by resetting the ESIO to "0" without outputting 
the data. Whether or not the transfer operation is completed can 
be sensed in a program by the SIOF (MSB of the status input). 

In the external clock operation, the ESIO must be reset to M 0" 
before the next data is shifted out as in the data updating opera¬ 
tion (however, the data is not updated when the operation is com¬ 
pleted) . When the wait operation have been already performed in 
the internal clock operation, the data transfer is terminated 
immediately after ESIO = 0. 

One word transfer can be terminated by ESIO = 0 in the inter¬ 
rupt service program on receipt of the interrupt caused by the buffer 
empty. 
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ESIO 

SIOF 

SEF 

SCK 

SO 

ISIO 

SB(OPOF) 


(a) Internal clock operation (with wait operation) 




(c) Completion at one-word transfer 
Fig. 1.11.4 Completion of Transmission 





Receive (trailing edge shift) mode 

Data can be received by setting the receive mode in the command register 
as well as by setting the ESIO (MSB of command register) to "1". 

When the four data are received from the ST pin, the 4-bit data is 
transferred from the shift register to the buffer register. At the same time, 
interrupt (ISIO) takes place to request the data reading (buffer full). 

Since the shift register has been transferring the data to the buffer reg¬ 
ister, the shift operation is continued without waiting for the data being 
read. 

When the data received from the port address IPOF is read in the inter¬ 
rupt service program, the interrupt request is reset. And then the next 4-bit 
data is transferred from the shift register to the buffer register if the 
buffer register has been full. 

Internal clock operation 

During the operation of the internal clock of fc/2^Hz, if the next 4- 
bit data is not read out of the buffer register (the IPOF has not been ac¬ 
cessed) in the program though the 4-bit data has been entirely input, the 
shift clock automatically stops, and the wait operation is taking place 
until the data is read out. 

The maximum receiving rate is 31250 bit/sec at the 4 MHz basic clock. 


External clock operation 

Since the shift operation synchronizes entirely with the clock provided 
from the external circuitry, the current data should have been read by the 
instruction before the next 4-bit data is transferred to the buffer register. 
The transfer rate is, therefore, determined by the maximum time lag from the 
receipt of interrupt request (ISIO) to the read of the data in the buffer 
register by the interrupt service program. 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TF1P4740P 

TFIP4720P 


SCK (OUTPUT! 


Shifc (Sampling) 


, TX d 3'Xd< 

t f f t f t f \ t f 


Read (IPOF) 



(a) Internal clock operation (with wait operation) 


SCK (INPUT) 


Shift (Sampling) 


^oXdiX^X^ X d o , X e i’X^’X d 3 , X d o"X i 


Read (IPOF) 




(b) External clock operation 


Fig. 1.11.5 Receive (trailing edge shift) Mode 




Completion of receiving 

When all of the data are read, the receiving of data can be 
completed upon termination of the current data transfer, by resetting 
the ESIO to "0". 

Whether or not the data transmission is terminated can be sensed 
in a program by the SIOF (MSB of status input). 

To complete the receive operation when the synchronization is 
desired between the serial transfer and interrupt service program 
(indicates data reading or completion of receiving), there are two 
ways according to the speed of shift clock. 

The receive/transmit mode must be maintained without switching 
the mode until the last data is read out even if the completion of the 
data transfer is indicated; otherwise the contents of the buffer reg¬ 
ister will be lost. 


(a) Sufficiently slow data transfer rate (external clock operation) 

If the timing, operated by the external clock, is slow enough to 
reset the ESIO to "0" prior to the generation of the next shift clock, 
the ESIO can be reset to "0" in the interrupt service program which 
is loaded to read out the last data. Thereafter the last data is read. 
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Fig. 1.11.6 Completion of Receiving (at slow transfer rate) 


(b) Fast transfer rate 

If the shift operation for the next data may start before the 
current data is read out by receipt of the interrupt request becuase 
the transfer rate is too fast, the interrupt service program which is 
loaded to read out the last data but one should be used to reset the 
ESIO to "0" after confirming that the SEF (bit 2 of status input) has 
been set to "l". 

Thereafter, the data should be read. No operation is required to 
complete the data transfer in the interrupt service program for read¬ 
ing the last data. 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


The method mentioned above is usually taken for the internal 
clock operation. In the external clock operation, however, the reset 
of the ESIO and the read of data must be completed before the last 
data is transferred to the buffer register. 


nr. 

ESIO = 0 


(a) Program sequence of receive end indication 



D vj D 3 ' VdoWa D2 m X°3" X D o' ,, X Di " , )CD2 7 Ta^ 7 


Read (IPOF) 



(b) Timing Chart 

(in case of internal clock operation with wait operation) 


Fig. 1.11.7 Completion of Receiving (at fast transfer rate) 



^oSuba 



INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 



(c) One word transfer 

The data receive operation starts after the ESIO is set to "1". 
Then, the ESIO is reset to "0" after confirming that the SEF status 
is set to "1". In this sequence, one interrupt casued by the buffer 
full takes place; therefore, the data should be read out by the 
service program. 



I ESIO = 0 

(a) Program sequence of receiving start/end indication 


ESIO 

SI0F 

SEF 

SCK 

SI 

ISIO 

SB 

Read (IPOF) 



Fig. 1.11.8 Receiving Start/Completion (at one word transfer) 



With this mode set in the command register, the data can be 
received by setting the ESIO (MSB of command register) to "1". 

When the four data are received from the SI pin, the 4-bit 
data is transferred from the shift register to the buffer register. 
At the same time, the interrupt (ISIO) occurs to request the data 
reading (buffer full). Since the shift register is transferring 
the data to the buffer register, the shift operation has been con¬ 
tinued without waiting for the data being read. 

When the data received from the port address IPOF is read in 
the interrupt service program, the interrupt request is reset. 

And then the next 4-bit data is transferred from the shift register 
to the buffer register if the buffer register has been full. 

The basic operation in the receive (leading edge shift) mode is 
equivalent to that in the receive (trailing edge shift) mode except 
that the edge for the shift clock is different, and that at time of 
the transfer start, the first shifted data has been already input 
from the external circuitry before the first shift clock is applied 
to the data receipt. Timing charts are shown below. 
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Fig. 1.11.9 


Receive(Leading Edge Shift) Mode 




2. Basic operation and pin operation 

1. Instruction cycle 

2. Basic clock (CP) generation 

3. Initialization operation 

4. Memory stand-by function 

5. Interrupt input 

6. Input/output port 

7. Other pins 

The timing in each basic operation, and the configuration, function, 
and timing of the pins are described according to the above items. 

The operation and timing with each component of the hardware are 
covered in detail in the description of each item of the components. 


Different input/output port circuit system can be specified accord¬ 
ing to the port. The details to specify the type of input/output port 
circuit are given in the descreption covering the program tape format. 


2.1 Instruction cycle 

The instruction execution and the internal hardware control are 
, synchronized with the basic clock (CP, fc Hz). 

The minimum unit of the instruction execution is called the 
"instruction cycle", and all instructions are executed by one or two 
instruction cycles, each of which is called one-cycle instruction or 
two-cycle instruction. 
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An instruction cycle consists of four machine cycles (M]_ % M 4 ), 
and each machine cycle requires two basic clock times. 



Fig. 2.1.1 Instruction Cycle 

2.2 Basic clock (CP) generation 

An oscillation circuit is contained, and the necessary clock is 
easily generated by connecting the resonator to external pins (Xj^, 
Xqut)• By the way, the oscillation circuit serves as schmitt circuit. 

The clock generated in the oscillation circuit is called the 
"basic clock" with which the internal control is synchronized. 

The basic clock is applied to the timing generator and the control 
circuit of system to provide various control signals. 
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The following are the examples of the resonator connection. 



(a) For X-tal or ceramic resonator 


X IN x OUT 



777 


(b) For RC 

X IN x OUT 



(c) For external .oscillator 
Fig. 2.2.1 Resonator Connections 

2.3 Initialization operation 

Initialization operation is performed by keeping the RESET pin 
to the low level. However, the following conditions are required to 
put the initialization operation into practice with certainty 

(I) The supply voltage is within the operating voltage. 

Q) The oscillation circuit operates stably. 

(J) The RESET is held at the low level in at least three instruc¬ 
tion cycle time. 



The following processings are performed by the initialization operation. 

(L) Reset the program counter to "0". 

(2) Set the status flag to ”1". 

@ Reset the interrupt enabling master F/F and the interrupt 
enabling register to "0", and also reset the interrupt 
latch to "0". 

(4) Reset the divider to "O'*. 

(5) Initialize the input/output port and command register to the 
fixed level. 

The initialization operation is released due to the rise of the 
RESET pin to the high level, and the program can be executed from 
address 0 in sequence. 

The RESET pin serves as Schmitt circuit input, and is connected with 
pull-up resister (^200k.fi TYP., MOS-load resister). 

2.4 Memory Stand-by function 

Even during the cut off of the main power supply (Vp])) , the 
RAM data can be held with low power dissipation by connecting the 
back-up power supply to the pin. This memory stand-by operation 

is performed by the following procedure. 

CD Keep the RESET pin at the low level in at least three 
instruction cycle time before the V DD power goes to 
the minimum operating voltage. 

(2) Hold the low level of the RESET pin. At the same time, the 
level of the VhH voltage should be kept at that of more than 
mimimum stand-by voltage. 



The operation should be started from initialization operation 
after the main power supply is resumed. 

The power dissipation at the stand-by time can be minimized by 
this function. 

2.5 Interrupt input 

Two pins (INTf, INT2) are provided for the external interrupt 
input. Since these pins are common pins with Rg port, they can be 
used as I/O pins (Rg 2 > Rg(j) respectively, if not used as the inter¬ 
rupt input pins. 

The interrupt via INT 2 can be inhibited at any time by the 
program, but the interrupt via INTq is not inhibited by it inde¬ 
pendently. Therefore, when this pin is used for the Rg 2 port, the 
interrupt will always take place due to the detection of the falling 
edge of the signal. It is necessary to set a dummy interrrupt service 
program including the (RETI) instruction only, even if the INTq is 
not used. 

The interrupt latch is set by the falling edge of the external 

inputs (INTq, INT 2 ), and an interrupt request is made to 
the CPU. To assure that the interrupt latch is positively set or 
reset, and that the next interrupt request is set, both of the high 
and low levels should be kept for more than two instruction cycle 
time. 

The external interrupt input is the Schmitt circuit input. 
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Execution Interrupt Execution of ad- Execution 

of acceptance dress 002 (RETI) of 

instruction process instruction instruction 


Fig. 2.5.1 Interrupt Timing (Dummy process of INT 3 interrupt) 

2.6 Input/output port 

(1) Input/output timing 

The timing to read the external data from the input port or I/O 
port is in M 3 machine cycle in the second cycle of the input instruc¬ 
tion (two-cycle instruction). Since this timing cannot be externally 
recognized, the transient input data should be processed by a program. 

The timing to output the data to the output port or I/O port is 
in M 4 machine cycle in the second cycle of the output instruction 
(two-cycle instruction), but this timing cannot be externally recognized. 


Input instruction 


Input strobe 


1st Cycle 2nd Cycle 



(a) Input Timing 


Output instruction 

Latch strobe 
External pin 



(b) Output Timing 

Fig. 2.6.1 Input/Output Timing 
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The input/output circuit format of the input/output port is 
shown following. 

For the TMP4740P and the TMP4720P, any of the input/output circuit 
systems shown in the following tables can be selected. You can 
specify your input/output circuit system when requesting the program 
tape. 

"IOCODE AA" is employed if not specified. 


Input/Output Circuit Code (IOCODE) AA 

X^ort 

Cir-\ 
cu it \ 

Input 

(K 0 ) 

Output 

(Pi,p 2 ) 

I/O 

(r 4 ,r 5 ,r 6 ) 

I/O 

(r 7 ) 

I/O 

(Rg , Rg) 

I/O 

equiv¬ 
alent 
Circui t. 

R 

| |- V\A^-£x>-c£>- 


qXI 1 

, . rn 


-0—l^_iR 


R = lkfl (TYP.) 


-Xf °s| 

R = lkfi (TYP.) 

R = lkfi (TYP.) 

<nj— 

R = lkfi (TYP.) 

Remark 

° High threshold 
input. 

o No resistor is 

contained. 

° Sink open 
drain output. 

o High output 
current. 

o Output latch 
is initialized 
to the high 
level. 

o Sink open 
drain output. 

o Output latch 
is initializ¬ 
ed to the high 
level. 

o Sink open 
drain output. 

o Output latch 
is initialized 
to the high 
level. 

o Schmitt cir¬ 
cuit input. 

o Sink open 
drain output. 

? Output latch 
is initialized 
to the high 
level. 


Note : The input/output port of the evaluator chip TMP4700C is made up with 
the circuit system equivalent to this input/output circuit system; 
therefore, the system of the TMP4700C can become equivalent to that 
of the TMP4740P or the TMP4720P by externally installing EPROM 
(program memory) on the TMP4700C (but TMP4700C is not contained the 
pull-up resistor with RESET pin and the pull-down resistor with 
TEST pin.). 
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Input/Output Circuit Code (IOCODE) AE 

N. Port 

CiiN. 

cuit^x 

Input 

(Ko) 

Output 

(Pi,P 2 ) 

I/O 

(R 4 ,R 5 ,R 6 ) 

I/O 

(R 7 ) 

I/O 

(Rs,R9) 

equiv¬ 

alent 

cir¬ 

cuit 

RlN=100kfi(TYP.) 
R = lkfl 


? V D D 

-<H<1 — J 

RL = 5kfi (TYP.) 

R = lk SI (TYP.) 

J 

R = lkn (TYP.) 

R =lkfl (TYP.) 

Remark 

o High threshold 
input 

o Pull-up 
resistor is 
contained. 

o Sink open 
drain output. 

o High output 
current. 

o Output latch 
is initialized 
to the high level 

o Sink open 
drain output. 

o Pull-up re¬ 
sistor is con¬ 
tained. 

o Output latch is 
initialized to 
the high level. 

0 Sink open 
drain output. 

0 Output latch 
is initialized 
to the high level 

0 Schmitt cir¬ 
cuit input. 

0 Sink open 
drain output. 

0 Output latch 
is initialized 
to the high level 


Input/Output Circuit Code (IOCODE) AF 

\Port 

CiKv 

cuit\ 

Input 

(Ko) 

Output 

(P 1 .P 2 ) 

I/O 

(R 4 ,R 5 , r 6 ) 

I/O 

(r»7) 

I/O 

(Rs,R 9 ) 

I/O 

equiv¬ 

alent 

cir¬ 

cuit 

R 

[JLRin 

R IN=100ft (TYP.) 
R = lkfi (TYP.) 

-txp r-O 

9 VpD 

- 0 °-| jtO 



XU P x1 1 

,xu ni xi 1 


r L = 5kQ (TYP .) 

R = lk SI (TYP.) 

R = lkfi (TYP.) 

R =lkfi (TYP.) 

Remark 

0 High threshold 
input 

0 Pull-down 
resistor is 
contained. 

0 Sink open 
drain output. 

0 High output 
current. 

0 Output latch 
is initialized 
to the high level 

0 Sink open 
drain output. 

0 Pull-up re¬ 
sistor con¬ 
tained. 

0 Output latch 
is initialized 
to the high level 

0 Sink open 
drain output. 

0 Output latch 
is initialized 
to the high level 

0 Schmitt cir¬ 
cuit input. 

0 Sink open 
drain output. 

0 Output latch 
is initialized 
to the high level 
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Input/Output Circuit Code (IOCODE) AH 

XPort 

CiX. 

cuit X^ 

Input 

(Ko) 

Output 

(Pi,p 2 ) 

I/O 

(r 4 ,r 5 ,r 6 ) 

I/O 

0*7> 

I/O 

(R8 »R 9 ) 

I/O 

equiv¬ 

alent 

cir¬ 

cuit 

? VdD 

R i£ R iN 

R IN=100kfi(TYP.) 
R =lkQ (TYP.) 

X —C3 

9 V DD 

Xl? 

-<3—<]—J 

RL=5kfi (TYP.) 

R = lkfi (TYP .) 

J 

R = lkfl (TYP.) 

-OwtO 

T. 

x— f 

R =lkfi (TYP.) 

Remark 

o High threshold 
input 

o Pull-up 
resistor is 
contained. 

o Sink open 
drain output. 

o High output 
current. 

o Output latch 
is initialized 
to the high level 

o Sink open 
drain output. 

o Pull-up re¬ 
sistor is con¬ 
tained. 

o Output latch 
is initialized 
to the low level 

o Sink open 
drain output. 

o Output latch 
is initialized 
to the high level 

0 Schmitt cir¬ 
cuit input. 

0 Sink open 
drain output. 

0 Output latch 
is initialized 
to the high level 


Input/Output Circuit Code (IOCODE) AI 

\Port 
CirX 
cuit X 

Input 

(Ko) 

Output 
(Pi,Pa) 

I/O 

(\,r 5 ,V 

I/O 

<V 

I/O 

(R 8 ,R 9 ) 

I/O 

equiv¬ 

alent 

cir¬ 

cuit 

R 

R IN=100kfi (TYP.) 
R =lkfi (TYP.) 

X ir J~Q 

9 V DD 
rllL r l 

X_xq 

X _ iCtO 

X .rOO 




-\|r 

XI > 

- 

RL=5kfi (TYP.) 

R = lkft (TYP .) 

<3- 

R = lkfi (TYP.) 

XJ 

R =lk^ (TYP.) 

Remark 

0 High threshold 
input 

0 Pull-down 
resistor is 
contained. 

0 Sink open 
drain output. 

0 High output 
current. 

0 Output latch 
is initialized 
to the high level 

0 Sink open 
drain output. 

0 Pull-up re¬ 
sistor is con¬ 
tained. 

0 Output latch 
is initialized 
to the low level 

0 Sink open 
drain output. 

0 Output latch 
is initialized 
to the high level 

0 Schmitt cir¬ 
cuit input. 

0 Sink open 
drain output. 

0 Output latch 
is initialized 
to the high level 


320 







2.7 Other pins 

Timer/Counter input 

Two pins (Ti, T 2 ) are provided for the external timer/counter 
inputs. Since these pins are common nins with Rg port, they can be 
also used as I/O pins (Rgg, R gl ), respectively, if not used as the 
timer/counter inputs. 

The count latch is set by the rising edge of the external input 
(T]_, T 2 ) , and a count request is made to the CPU. To assure that the 
count latch is positively set or reset, both of the high and low 
levels should be kept for more tham two instruction cycle times. 

The external timer/counter input is the Schmitt circuit input. 

Serial port 

This port is connected to the external circuitry via three pins 
(SCK, SO, SI), which are also used for the R 9 port. These pins can 
be used as the pins of the R 9 port (R 92 , R 91 , R 90 ), if not used for 
the serial port. 

To assure that the shift operation is positively performed in the 
external clock mode, both of the high and low levels should be kept 
for more than two instruction cycle times. 

The SCK input in the external clock mode and the SI input in the 
receive mode are Schmitt circuit inputs. 

TEST pin 

This pin is used for the shipment test. To operate the user 
system with this pin, the input should be surely set to the low level. 
By the way, TEST pin is connected with pull-down resistor (~ 70kfi TYP., 
MOS-load resistor). 
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INTEGRATED CIRCUIT 


TMP4740P 

TMP4720P 


TECHNICAL DATA 


3. Instructions 



The TLCS-47 series microcomputer is provided with 90 instructions, 
which are software compatible within the series. The instructions of 
the TLCS-47 series is consist of 1-byte instructions or 2-byte instruc¬ 
tions. To classify them in terms of the execution time, there are 
1-cycle instructions and 2-cycle instructions. 

1-byte, 1-cycle instructions are mainly used in this series, and 
are arranged so as to improve the program efficiency. 


1-byte 

1-cycle 

instruction 

40 

1-byte 

2-cycle 

instruction 

11 

2-byte 

2-cycle instruction 

39 



Total 

90 


(a) Classification by byte/cycle 

„ . .. (Note 1) 00 

Move instruction 22 

Compare instruction 6 

Arithmetic instruction 16 

Logical instruction 9 

Bit manipulation instruction 24 

Input/Output instruction ^ ote 6 

Branch, subroutine instruction 6 

Other instruction 1 

Total 90 


(Note 1) : Including ROM data referring instructions 
(Note 2) : Including PLA referring instruction. 

(b) Classification by function 

Table 3.0.1 Classification of Instructions. 


INTEGRATED CIRCUIT 


TMP4740P 

TMP4720P 


TECHNICAL DATA 



3.1 Description of symbols 

The following symbols are used for describing the instructions in the 
following explanations. 


Symbol 

Description 

AC 

Accumulator 

M[x] 

Data memory (Address x) 

HR 

H register 

LR 

L register 

pip] 

Port (Address p) 

FLAG 

Flag 

CF 

Carry flag 

ZF 

Zero flag 

SF 

Status flag 

GF 

General flag 

PC 

Program counter 

STACK[(SPW)J 

Stack (Stack level is indicated by the contents of stack 


pointer word.) 

SPW 

Stack pointer word 

EIF 

Enable interrupt master F/F 

EIR 

Enable interrupt register 

INTLj 

Interrupt latch (j = 5 - 0) 

DC 

Data counter 

ROM[x] 

Program memory (Address x) 

(ROMh,ROM L ) 

(High-order 4 bits or low-order 4 bits are expressed by 


suffix H/L.) 

<■ 

Transfer 


Exchange 

+ 

Addition 

_ 

Substraction 

A 

Logical AND the corresponding bits 

V 

Logical OR of the corresponding bits 

Y 

Exclusive OR of the corresponding bits 


V 

Y 





Move Instruction 


INTEGRATED CIRCUIT 

TECHNICAL DATA 



\ <A \ 

TMP4740P 

TMP4720P 



Symbol 

Description 

(CF) 

Inversion of carry flag contents 

null 

Processed result is transferred nowhere 

(AC) 

Contents of accumulator 

(ILL) 

Contents of 8 bits coupling H register with L register 

m[(h.l)] 

Contents of data memory for which the contents of 8 bits 


coupling H register with L register is used as address. 

(AC)<b> 

Contents of bit assigned by b of accumulator. 

(LR)<3:2> 

Contents of bit 3 to bit 2 of L register 

(PC)<11: 6 > 

Contents of bit 11 to bit 6 of program counter 


Description of instructions (*): Note 1 (**): Exec.cycle (**) : Hexadecimal 


Assembler 

Mnemonic 


Object Code 


(*« 

CF ZF SF v 


Binary (*V<) Functional Description 

LD A, @HL 0 0 0 0 1 1 0 0 0 C (AC)^M[(H-L) ] [ - Z 1 [ 1 

Loads the contents of the data memory spec¬ 
ified by the H and L registers in the ac¬ 
cumulator. 

LD A, x 0011 1100 3 C : (AC)*-M[x] 1 - Z 1 1 2 

xuXt : Loads the contents of the data memory spe - 
, cified by the x of the instruction field m 
_| tiie accumulator. 

LDHL, x 0010 1000 28; (LR)<-M[x’] , (HR^MfxU] - - 1 2 

XuXt 1 x'=X7X6X5Xa3X 2 00 

x 7 x 6 x 5 x^ x3x2xix 0 H L — -:-:---;--—— 

I Loads the consecutive two-word contents of 

the data memory specified by the x’ (modi¬ 
fied x) of the instruction field in the H 
and L registers. 

LD A, #k 0 10 0 k 3 k 2 k 1 k 0 4 k (AC)*k [ - Z 1 1 1 

Loads the immediate data k of the instruc¬ 
tion field in the accumulator. Serves as 
the clear instruction when k=0. 


X 7 X 6 X 5 X*, X 3 X 2 X!X 


x 7 x 6 x 5 x 4 x 3 x 2 xix 0 






Move Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


Items Assembler 

- 1 Mnemonic 

31ass\ 


Object Code 


LD H, #k 1100 k 3 k 2 kik 0 


1110 k 3 k 2 kik 0 


LDL A, @DC 0 0 1 1 0011 


LDH A,@DC+ 0011 0010 


0 0 0 0 111 


0001 1010 


ST A,@HL- 0001 1011 



0011 1111 

X 7 X 6 X 5 X i< X 3 X 2 XiX 0 


ST #k,@HL+ 1111 kakzkiko 


_ FUnCtl ° n _ telSF t ** 0 

Functional Description 

(HR)<-k |- - 1 [ 1 

Loads the immediate data k of the instruc¬ 
tion field in the H register. Serves as the 
clear instruction when k= 0 . 

(LR)-Hc 1 - - 1 1 1 

Loads the immediate data k of the instruc¬ 
tion field in the L register. Serves as the 
clear instruction when k= 0 . 

(AC)^-R0Ml[(DC) ] 1- Z 1 1 2 

Loads the lower-order 4 bits of the data read 

out of the data table of the program memory 
specified by the data counter, in the ac¬ 
cumulator . 

(ACHROMh[(DC) ] , (DC)*-(PC)+1 1 - Z 1 1 2 

Loads the higher-order 4 bits of the data 
read out of the data table of the program 
memory specified by the data counter, in the 
accumulator, and then increments the contents 
of the data counter. [Note 2] 

M[(H*L) ]*-AC _ | - - 1 [ 1 

Stores the contents of the accumulator in the 
data memory specified by the H and L registers. 

M[(H. L )MAC) , (LRK(LR)+1 |- Z C [ 1 

Stores the contents of the accumulator in the 
data memory specified by the H and L regis¬ 
ters, and then increments the contents of the 
L register. [Note 3] 

M[(H.L)MAC), (LRK(LR)-l 1- Z B 1 1 

Stores the contents of the accumulator in the 
data memory specified by the H and L regis¬ 
ters, and then decrements the contents of the 
L register. [Note 3] 

M[x]^~( AC) _ ~ 1 - 1 1 2 

Stores the contents of the accumulator in the 
data memory specified by the x of the instruc¬ 
tion field. 

M[(H-L) ]<ek,(LR)<-(LR)+l 1- Z c[ 1 

Stores the immediate data k of the instruc¬ 
tion field in the data memory specified by 
the H and L registers, and then increments 
the contents of the L register. [Note 3] 



Move Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


Assembler 

Mnemonic 

ST #k, y 


Object Code 


0010 1101 

kakakxko y 3 y 2 yiyo 


_ Functlon _ i cF^FisF l 

Functional Description 

M[y]*-k j — — 1 | 2 

Stores the immediate value k of the instruc¬ 
tion field in the data memory specified by 
y (page 0) of the instruction field. Serves 
as the clear instruction when k=0. 


MOV H, A 


0001 0000 


0001 0001 


(AC)^-(HR) _| - Z 1 I 1 

Loads the contents of the H register in the 
accumulator. 

(ACH(LR) _ 1 - Z 1 1 1 

Loads the contents of the L register in the 
accumulator. 


XCH A, H 


XCH A, L 


0011 0000 


0011 0001 


XCH A,EIR 0001 0011 


0000 1101 


0011 1101 


X 7 X 6 X 5 X 4 X3X2X1X0I 


0010 1001 


X 7 X 6 X 5 X^ X3X2X1X0 


(HR)S(A C)_ | - Z 1 j 2 

Exchanges the contents of the accumulator for 
those of the H register. [Note 2] 

(LR)t(AC) _._ - Z 1 2 

Exchanges the contents of the accumulator for 
those of the L register. [Note 2] 

(EIR) X(AC) _ 1 - - 1 j 1 

Exchanges the contents of the accumulator for 
those of the interrupt enable register. 


M[(H-L) ]^(AC) _ 1 - Z 1 j 1 

Exchanges the contents of the accumulator for 
those of the data memory specified by the H 
and L registers. [Note 2] 

M[x]$(AC) _ 1 - Z 1 1 2 

Exchanges the contents of the accumulator for 
those of the data memory specified by the x 
of the instruction field. [Note 2] 

M[x’]^(LR) ,M[x'+l]t(HR) - - 1 2 

x'=x 7 X6X 5 x 4 X3X200 _ 

Exchanges the contents of the H and L regis¬ 
ters for consecutive two-word contents of 
the data memory specified by the x T (modified 
x) of the instruction field. 






INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


Assembler 

Mnemonic 


Object Code 


CMPR A,@HL 0 0 0 1 0110 


011 1110 


k 7 x 6 x 5 x u x 3 x 2 x 1 x 0 


|Flag(*) 


(**) Functional Description 

1 6 null<-M[(H»L) ] -(AC) _ B Z Z 1 

Compares the contents of the data memory spec¬ 
ified by the H and L registers with those of 
the accumulator. 


10 1 k 3 k 2 k xko 


,#k 0011 1000 

1101 k 3 k 2 k 1 k 0 


I CMPR L,#k 0011 1000 

1001 k 3 k 2 kik 0 


3 E nilh-M[x]-(AC) _ | B Z Z [ 2 

x^xl Compares the contents of the data memory spec¬ 
ified by the x of the instruction field with 
those of the accumulator. 


null^k-(AC) ___ 1 B Z Z [ 1 

Compares the immediate data k of the in¬ 
struction field with the contents of the ac¬ 
cumulator. Serves as the accumulator test 
instruction when k=0. 

null+k-(HR) __ -ZB 1 2 

Compares the immediate data k of the in¬ 
struction field with the contents of the H 
register. Serves as the H register test in¬ 
struction when k=0. 

null-ek-(LR) _- ZB 2 

Compares the immediate data k of the in¬ 
struction field with the contents of the L 
register. Serves as the L register test in¬ 
struction when k=0. 


CMPR Y,#k 0010 1110 2 E 

k 3 k 2 kik 0 y 3 y2yiy 0 k y 


null+-k-M[y] _1 B Z Z | 2 

Compares the immediate data k of the in¬ 
struction field with the contents of the data 
memory specified by the y (page 0) of the in¬ 
struction field. Serves as the data memory 
test instruction when k=0. 


0000 1000 08 (AC) <-(AC)+l _ | - Z C | 1 

Increments the contents of the accumulator. 


0001 1000 


(LR)<-(LR)+1 _ 1 - Z C 1 1 

Increments the contents of the L register. 






Arithmetic Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


Assembler 

Object Code 


Binary 

(A) 

• INC @HL 

0000 1010 

0 A 

DEC A 

0000 1001 

0 9 

DEC L 

0001 1001 

1 9 

DEC @HL 

0000 1011 

0 B 


ADDC A,@HL 0001 


ADD A,@HL 


Function 

Functional Description 


CFlZFlSF v ; 


M [ (H • L) ]*M[(H-L) ]+l _ [ - Z C 1 1 

Increments the contents of the data memory 
specified by the H and L registers. 

(ACH(AC)-l _ I - Z B 1 

Decrements the contents of the accumulator. 


Decrements the contents of the L register. 

M[(H• L) ]^-M[ (H • L) ]-1 1- Z~¥ 1 1 

Decrements the contents of the data memory 
specified by the H and L registers. 


(AC)-e(AC)+M[(H.L) ] + (CF) _| C Z C | 1 

Adds the contents of the data memory spec¬ 
ified by the H and L registers as well as 
those of the carry flag to those of the ac¬ 
cumulator, and places the result in the ac¬ 
cumulator . 

(ACH(AC)+M[(H-L) ]_ - Z C 1 

Adds the contents of the data memory spec¬ 
ified by the H and L registers to those of 
the accumulator, and places the result in the 
accumulator. 


0011 1000 
0000 k 3 k 2 kik 0 


ADD H, #k 0011 1000 38 

1100 kskzkiko C k 


(AC)^(AC)+k _ 1 - Z C 1 2 

Adds the immediate data k of the instruction 
field to the contents of the accumulator, and 
places the result in the accumulator. Serves 
as the correction instruction for decimal ad¬ 
dition and subtraction when k=6 or A. 

(HR)<-(HR)+k _ 1 - Z C~[~ 2 

Adds the immediate data k of the instruction 
field to the contents of the H register, and 
places the result in the H register. Serves 
as the H register increment instruction or 
the decrement instruction when k= 1 or F, 
respectively. 





Arithmetic Instruction ® Jo Ilf 



TMP4740P 

TMP4720P 




Function 

Flag(*) 

mm 

cfIzfIsf 

HI 

| Functional Description | 

(LR)^(LR)+k 

- z c 


Adds the immediate data k of the 

instruction 1 

field to the contents of the L register, 
places the result in the L register. 


M[(H-L)]^M[(H.L)]+k 

- Z C 



Adds the immediate data k of the instruction 
field to the contents of the data memory 


specified by the H and L register, and 
places the result in the data memory. Serves 
as the correction instruction for the decimal 
addition and subtraction when k=6 or A. 


M[y]«~M[y]+k _| - Z Cj_2_ 

Adds the immediate data k of the instruction 
field to contents of the data memory specified 
by the y (page 0) of the instruction field, 
and places the result in the data memory. 
Serves as the correction instruction for 
decimal addition and subtraction when k = 6 
or A. 


(AC)+M[(H-L) ]- (AC)-(CF) _|JB Z B [ 1 

Subtracts the contents of the accumulator and 
the inverse contents of the carry flag from 
the contents of the data memory specified by 
the II and L registers, and places the result 
in the accumulator. 


(ACKk-(AC) _ 1 - Z B I 2 

Subtracts the contents of the accumulator 
from the immediate data k of the instruction 
field, and places the result in the accumu¬ 
lator. Serves as the accumulator 2’s comple¬ 
ment instruction or the data inversion (l’s 
complement) instruction when k=0 or F, 
respectively. 







Logical Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47W 


TMP4720P 

y 


Assembler Object Code 

Mnemonic -——- - 

i Binary 

SUBR @HL,#k 0011 1000 

0 10 1 k 3 k 2 k i k o 


Function 

Functional Description 




M[(H • L) ]^-k-M[ (H • L) ] _ [ - Z B | 2 

Subtracts the contents of the data memory 
specified by the H and L registers from the 
immediate data k of the instruction field,' 
and places the result in the data memory. 
Serves as the data memory 2’s complement in¬ 
struction or the data inversion (l’s comple¬ 
ment) instruction when k= 0 or F,respective¬ 
ly. 


AND A,#k 


.AND @HL,//k 


0000 011107 


0001 1 1 1 0 IE 


0011 1000 

0011 k 3 k 2 kik 0 


.rotate left. 

4CFH — (Ac H— 1 l bv l bit } r " ° | x 
Rotates the contents of the accumulator and 
carry flag to the left by one bit. [Note 4] 

I- 1 .rotate right. - , 

UcFl--TACW py 1 bit ) | 

Rotates the contents of the accumulator and 
carry flag to the right by one bit.[Note 4] 

(AC)-*~(AC) AM[(H•L) ] _ [ - Z Z 1 

Carries out the logical AND of the corre¬ 
sponding bits with the contents of the accu¬ 
mulator and those of the data memory specifi¬ 
ed by the H and L register, and places the 
result in the accumulator. 


0 0 11 
0 111 


10 0 0 
k 3 k 2 k x k 0 


(ACWAC)Ak ______ 1- Z Z 1 2 

Carries out the logical AND of the corre¬ 
sponding bits with the contents of the accu¬ 
mulator and the immediate data k of the in¬ 
struction field, and places the result in the 
accumulator. __ 

MI(H.L) ]^M[(H-L)]Ak _ 1- Z Z 1 2 

Carries out the logical AND of the corre¬ 
sponding bits with the contents of the data 
memory snecified by the H and L registers and 
the immediate data k of the instruction field, 
and places the result in the data memory. 








INTEGRATED CIRCUIT 


ttfoSuba 



TECHNICAL DATA 


TMP4740P 

TMP4720P 



Interns 

Assembler 

Mnemonic 

Object Code 

Function 

Flaj>(*) 

(**) 

cfIzfIsf 

Class! 

Binary 

(**) 

Functional Description j 


OR A, @HL 

0001 1101 

1 D 

(AC)«-(AC)VM[(H-L)] 

- z z 

i 





Carries out the logical OR of the correspond- 





ing bits with the contents of the accumulator 





and those of the data memory specified by the 





H and L registers, and places the result 

in 





the accumulator. 




OR A, #k 

0011 1000 

3 8 

(ACK(AC)Vk 

- z z 

2 



0010 k 3 k 2 kik 0 

2 k 

Carries out the logical OR of the correspond- 1 

o 




ing bits with the contents of the accumulator 

•H 

U 




and the immediate data lc of the istruction 

M 




field, and places the result in the accumulator. 

cn 

C 

OR @HL,#k 

0011 1000 

3 8 

M[ (H •L) ]«-M[ (H • L) ]yk 

- z z 

2 



D 1 1 0 k 3 k?kik 0 

6 k 

Carries out the logical OR of the correspond- 1 

rH 




ing bits with the contents of the data memory 

o 




specified by the H and L registers and the 

oc 




immediate data k of the instruction field. 

1-3 




and places the result in the data memory. 



XOR A, @HL 

0001 1111 

1 F 

(ACMAC)VM[(H-L)] 

- z z 

1 





Carries out the logical exclusive OR of the 





corresponding bits with the contents of the 





accumulator and those of data memory specifi- 





ed by the K and L registers, and 

places the 





result in the accumulator. 




TEST CF 

0000 0110 

0 6 

(3F) + (CF) , (CF)«-0 

0 - * 

1 





Places the inverse contents of the carry 

flag 





in the status flag, and then resets the carry 

c 




flag to "0". 



•H 

•U c 

TEST A, b 

0 10 1 11 b ib 0 

5 C+b 

(SFH(AC)<b> 

_ _ * 

1 

a3 O 
i—1 *H 




Places the inverse contents of the bit, which 

0 4J 

a a 




is specified by the b of the instruction 


•H 3 

C H 
cO +J 




field, of the accumulator, in the status 

flag. 

C 

4J H 

TEST @HL,b 

0101 10 bib 0 

5 8+b 

(SF)«-M[(H.L) ]<b> 

_ _ * 

1 

•H 

CQ 




Places the inverse contents of the bit, which 1 





is specified by the b of the instruction 






field, of the data memory specified by the H 





and L registers, in the status flag. 









Bit Manipulation Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 


TMP4720P 

. x? 


Assembler 
. Mnemonic 


Object Code 
Binary 


Function 

Functional Description 


Flag(*) 

cfIzfisf 


TEST y,b 00111001 39 

1 0 bib 0 y 3 y 2 yiyo 8+b y 


(SF)~*~M[y ]<b>. _ | - - * 1 2 

Places the inverse contents of the bit, which 
is specified by the b of the instruction 
field, of the data memory specified by the y 
(page 0 ) of the instruction field, in the 
status flag. 


TEST %P,b 00111011 3 B (SF)^P[p]<b> _ | - - * | 2 

, n i , ^ 8 +b P Places the inverse contents of the bit, which 

is specified by the b of the instruction 
field, of the port (port register in the 
output port, and pin input in the input and 
I/O port) specified by the p of the instruc¬ 
tion field, in the status flag. 

TEST @L 0011 0111 37 (SF)*-P [ (LR) <3:2 >+4] < (LR) <1 ;0>> [- - *| 2 

Places the inverse contents of the bit, which 
is specified by the lower-order two bits of 
the L register, of the ports R 4 - R 7 (pin 
input) specified by the higher two bits of 
the L register, in the status flag. 

TESTP CF 0000 0100 04 (SF)^-(CF) , (CF)+-1 _ 1 - * 1 

Places the contents of the carry flag in the 
status flag, and then sets the carry flag to 

" 1 ". 


0011 0111 


TESTP ZF 0000 1110 0E (SF)^-(ZF) _ | - - * | 1 

Places the contents of the zero flag in the 
status flag. 

TESTP GF 0000 0001 01 (SF)^(GF) _ . _ - - * 1 

Places the contents of the general flag in 
the status flag. 

TESTP y,b 0011 1001 39 (SF)^M[y]<b> _ - - * 2 

- 1 , , C+b y Places the contents of the bit, which is 

1 0 y 3 y 2 yiyo specified by the b of the instruction field, 

of the data memory specified by the y (page 
0 ) of the instruction field, in the status 



INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


aI3 Mnemonic 


Object Code 


Flae (*) 

Functlon t haM <**> 

Functional Description 


TESTP%P,b 0011 1011 3 B (SFKP[p]<b> _ | - - * | 2 

-i t u u „ „ „ „ C+b P Places the contents of the bit, which is spec- 

1 1 DiDo P3P2P1P0 r 

ified by the b of the instruction field, of 

the port (port register for the output port, 
and pin input for the input or I/O ports), 
which is specified by the p of the instruc¬ 
tion field, in the status flag. 

SET GF 0000 0011 03 (GF)^l _ - - 1 1 

Sets the general flag to "1". 


SET @HL, b 0 10 1 0 0 bibo 5 b M[(H-L) ]<b*-l _ [--ill 

Sets the bit, which is specified by the b of 
the instruction field, of the data memory 
specified by the H and L registers, to "1". 

SET y, b 0011 1001 39 M[y]<b>^-1 _ - - 1 2 


0 0 hi b 0 y 3 y 2 yiy 0 


Sets the bit, which is specified by the b of 
the instruction field, of the data memory 
specified by the y (page 0 ) of the instruc¬ 
tion field, to " 1 ". 


11 1011 3 B P[p]<b>*l _ 1 - - 1 1 2 

K , „ „ „ by Sets the bit, which is specified by the b of 

the instruction field, of the port specified 
by the p of the instruction field, to " 1 ". 


11 0100 3 4 


0000 0010 


P[(LR)<3:2>+4]<(LR) <1:0>>«-1 | - - l| 2 

Sets the bit, which is specified by the lower 
-order two bits of the L register, of the 
ports R 4 - R 7 specified by the higher-order 
two bits of the L register, to "1". 

(GF)*-0 _ - - 1 1 

Clears the general flag to "0 M . 


CLR @HL, b 0 10 1 0 1 b,b 0 5 4+b M[(H-L) ]<b> <-0 _ | - - 1 | 1 

Clears the bit, which'is specified by the b 
of the instruction field, of the data memory 
specified by the H and L register, to "0". 




INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


Assembler 
1 Mnemonic 

CLR y, b 


CLR %P, b 


t CLR @L 


p, CLR IL, r 


ElCLR IL,r 


DICLR IL,r 


| IN %P, A 


Object Code 
Binary (**) 

0011 1001 3 9 

4+b y 

0 1 bibo y 3 y2yiyo 


0011 1011 3 B 

n i u u 4 -Pb p 

0 1 bibo P3P2P1P0 


0011 01013. 5 


0011 0110 3 6 

1 1 r 5 r 4 r 3 r 2 r C+r H r L 

0011 0110 3 6 

0 1 r 5 r 4 r 3 r 2 r 1 r 0 4 +r H r Li 


0011 0110 3 6 

1 0 r 5 r„ r 3 r 2 r 1 r 0 8+r H r L 


0011 1010 3 A 

2 P 

0010 P 3 P 2 P 1 P 0 


_ Functlon ^ Icf^fIsfI 

Functional Description 

M[y]<b><-0 - - 1 I 2 

Clears the bit, which is specified by the b 
of the instruction field, of the data memory 
specified by the y (page 0 ) of the instruc¬ 
tion field, to " 0 ". 

P [p]<b> -e 0 - - 1 2 

Clears the bit, which is specified by the b 
of the instruction field, of the port spec¬ 
ified by the p of the instruction field, to 
" 0 ". 

P[(LR)<3:2>+4]<(LR)<l:0»*-0 |- - l| 2 

Clears the bit, which is specified by the 
lower-order two bits of the L register, of the 
ports R^ - Ry specified by the higher-order 
two bits of the L register, to "0". 

(INTL)<5: 0 >"*-(INTL) <5:0>Ar<5:0> | - - 1 | 2 

Resets the interrupt latch INTLj when the rj 
of the instruction field is "0". (j = 5 - 0) 

(EIFH1, _, I 2 

(INTL) <5: 0>^-(INTL) <5: 0>Ar<5: 0> _ | 

Sets the interrupt enable master F/F to "1". 
Interrupt latch INTLj is reset when the rj 
of the instruction field is ”0". (j = 5 - 0) 
______ 

(INTL) <5: 0>«-(lNTL) <5: 0>Ar<5: 0> - ~ 1 2 

Resets the interrupt enable master F/F to 
"0". Interrupt latch INTLj is reset when 
the rj of the instruction field is " 0 ". 

(j = 5 — 0) 

(AC)-eP [p ] _ - Z Z 2 

Places the input data from the port specified 
by the p of the instruction field in the ac¬ 
cumulator. 





INTEGRATED CIRCUIT 


C^oSuha 


TECHNICAL DATA 


TMP4740P 

TMP4720P 



\lterns 

Assembler 

Mnemonic 

Object Code 

Function 

Flag(*) 

(**> 

CFlZFlSF 

Class^ 

Binary 

(A) 

Functional Description J 

Input/Output Instruction 

_ i 

IN %P, @HL 

0011 1010 

0110 p 3 p 2 pipo 

3 A 

6 P 

M[(H • L) ]^-P [p ] 

- - Z 

2 

Places the input data from the port specified 
by the p of the instruction field in the data 
memory specified by the H and L registers. 

OUT A, %P 

0011 1010 

1 0 p<*0 P 3 P 2 P 1 P 0 

3 A 

8 + 2 p 4 P 

PtpMAC) , P=P 4 P 3 P 2 P 1 P 0 

- - 1 

2 

Outputs the contents of the accumulator to 
the port specified by the p of the instruc¬ 
tion field. (0 <p < 31) 

OUT @HL,%P 

0011 1010 

1 1 PlO p 3 p 2 pipo 

3 A 
C+2'p^p 

P[p]+M[(H*L)], P=P,P 3 P 2 P 1 Po 


2 

Outputs the contents of the data memory 
specified by the H and L registers to the 
port specified by the p of the instruction 
field. (0 <p < 31) 

OUT #k, %P 

0010 1100 

kskzkiko p 3 p 2 pipo 

2 C 
k P 

P[p]+k 

- - 1 

.2 

Outputs the immediate data k of the instruc¬ 
tion field to the port specified by the p of 
the instruction field. Serves as the clear 
instruction when k= 0 . 

OUTB @HL 

0001 0010 

1 2 

P[2].P[1]^R0M[F*(E+(CF))*M[ (H-L) J ] 

- - 1 

2 

Outputs the data (eight bits) of the program 
memory located in addresses FEO - FFF, which 
use a five-bit data connecting the contents 
of the data memory specified by the H and L 
registers and those of the carry flag, as 
lower-order five-bit addresses, to the P 2 - 
Pi ports. 

Branch * 

Subroutine 

Instruction 

BS a 

0 110 as 

a 7 a 6 a 5 a 4 a 3 a 2 aiao 

6 an 

a M a L 

If SF=1 then (PC)-<-a else null* 



Places the immediate data a of the instruc¬ 
tion field in the program counter if the 
status flag is at M 1 M . If the status flag 
is at " 0 ", sets the status flag only to " 1 ", 
and moves to the next address. 





\l terns 

Assembler 

Mnemonic 

Object Code 

Function 

Flag(*) 

(sV *) 

cf|zf|sf 

Class^ 

Binary 

(***) 

Functional Description 


BSS a 

1 0 d 5 d 9 d 3 d 2 did 0 

8+dndL 

If SF=1 then (PC)<-a else null. 


2 





a=(PC)<11 •6 > -d 







Carries out the branch within a 

page (64- 





byte) if the status flag is at " 1 "; brings 





the immediate value d of the instruction 





field into the lower-order six bits of the 





program counter. Since the updated value 





remains in the higher-order six 

bits, if 





this instruction is specified in the last 





address in the page, branching is carried 

o 




out to the next page. If the status flag is 

4-1 




at ” 0 ", it sets the status flag 

only to 

"i", 

3 

u 




and moves to the next address. 

[Note 5] 

to 

CALL a 

0 0 1 0 0 ai 0 a 9 a 8 

2 aH 

STACK[(SPW) K(PC) ,(SPW)^(SPW)-1 


2 



a 7 a 6 a 5 a4 a3a 2 aiao 

a M a L 

(PC)^-a, 0<a <2,047 



q 



Carries out the subroutine call 

saves the 

4-1 




contents of the program counter 

in the stack, 

o 




and decrements the stack pointer word, and 





then places the immediate data a of the 

in- 

CO 




struction field in the program counter. 


JC 




However, the call address of the subroutine 

a 




must be in the addresses 000 -7FF. 


pq 





[Note 5 



CALLS a 

0111 n 3 n 2 nin 0 

7 n 

STACK [(SPW) ]-KPC) ,(SPWH(SPW)-1 


2 





(PC)<-a, a= 8 n+ 6 (n=t0) , 134(n=0) 







Carries out the short form subroutine call. 





The operation is the same as that of the 





"CALL" instruction except that the value to 





be set in the program counter is automatic- 





ally defined by the n of the instruction 





field. 

^Note 5] 



RET 

0010 1011 

2 A 

(SPW)^(SPW)+1, (PC)<-STACK [ (SPW) ] 

- - - 

2 





Returns from the subroutine to the previous 





program; incremepts the stack pointer word, 





and restores the data of the return address 





from the stack to the program counter. 






INTEGRATED CIRCUIT 


\ a\ 

^o3uha I 

TMP4740P 

TMP4720P 

\ 

X 


TECHNICAL DATA 



\ Item 

Assembler 

Mnemonic 

Object Code 

Function 

Flag(*) 

(**) 



CF IZFlSF 

Class\ 

Binaty 

(***> 

Functional Description 

0) 

•H C 

RETI 

0010 1011 

2 B 

(SPW) + (SPW)+1, 

(FLAG•PC)^STACK[(SPW)], (EIF)^l 

* * 

2 

Branch* Subrout 
Instructic 



. 

Returns from the interrupt processing routine; 
increments the stack pointer word, and re¬ 
stores the data of the return address from 
the stack and the data of the flag, to the 
program counter and the flag, respectively. 

And then, it sets the interrupt enable master 
F/F to M 1 M . 

i 

U O 

NOP 

0000 0000 

0 0 

no operation 


1 

Othe 

Instri 

tior 

i 



Moves to the next instruction without perform¬ 
ing any operation. 


Note 1. Setting Condition of Flag. 

"C" indicates the carry output from the most significant position 
in the addition operation, and "B" indicates the borrow output from the 
most significant position in the subtraction operation. 

"Z" indicates the zero detection signal to which "l" is applied 
only when either the ALU output of the processing result or all 
four bits of the data transferred to the accumulator are zero. 

The flag is set to "C", "C", M B", "Z", "Z", "l", or "0" according 
to the data processing rusult. The value specified by the function is 
set to the flag with the mark and the mark denotes no change 

in the state of the flag. 

Note 2. The zero flag is set according to the data set in the accumulator. 

Note 3. The flags (ZF, SF) are set according to the result of increment or 
decrement of the L register. 


Note 4. The carry is the data shifted out from the accumulator. 

Note 5. The contents of the program counter indicate the next address of 
the instruction to be executed. 




ABSOLUTE MAXIMUM RATINGS (V SS =OV) 


SYMBOL 

ITEM 

RATING 

UN) TS 


v D d 

Supply Voltage 

-0.5 'v, 7 

V 

v H h 

V IN 

Input Voltage 

-0.5 'v, 7 

V 

v OUTl 

Output Voltage (Except Open Drain Port] 

-0.5 ^ 7 

V 

V 0UT2 

Output Voltage (Open Drain Port) 

-0.5 % 10 

I OUT 

Output Current (P 2 , P 2 ) 

30 

mA 

Pd 

Power Dissipation (T O p r =70°C) 

850 

mW 

T sol 

Soldering Temperature • Time 

260 (10 sec) 

°C 

T stg 

Storage Temperature 

-55 % 125 

T opr 

Operating Temperature 

-30 % 70 

RECOMMENDED OPERATING CONDITIONS (V ss =OV) 


SYMBOL 

ITEM 

CONDITION 

MIN. 

MAX, 

UNITS 

T 0 pr 

Operating Temperature 


-30 

70 

°C 

V DD 

Supply Voltage 


4.5 

5.5 

V 

V H H 

V HH1 

Supply Voltage (Memory Stand-by) 


3.5 

5.5 

VlHl 

High Level Input Voltage (R 4 ^ R 7 ) 


2.2 

Vdd 

V 

V IH2 

High Level Input Voltage (Except Rz^Ry) 


3 

V QD 

V IL1 

Low Level Input Voltage (Except Kg) 


0 

0.8 

VlL2 

Low Level Input Voltage (Kg) 


0 

1.2 

f c 

Clock Frequency 


0.4 

4.2 

MHz 

twCH 

High Level Clock Pulse Width(Note 1) 

v in=v ih 

80 

- 

nS 

tWCL 

Low Level Clock Pulse Width (Note 1) 

VlN=VjL 

80 

- 


(Note 1) For external clock operation. 


338 














^ashtlm | 

INTEGRATED CIRCUIT 

TMP4740P 

TMP4720P 

\ v\ 

\ 

ms 

TECHNICAL DATA 




DC CHARACTERISTICS (V ss =OV, V DD =V HH =5VH0%, T opr =-30 ^ 70°C) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

'Note! 

TYP. 

MAX. 

UNITS 

V HS 

Hysteresis Voltage 
(Schmitt Circuit Input) 


- 

0.5 

- 

V 

I IN1 

Input Current (Note 2) 

(K 0 , RESET, TEST) 

V DD =V HH =5 * 5V > V in =5.5V 

- 

- 

20 

yA 

I IN2 

Input Current 
(Open Drain R Port) 

V dd =5.5V, V in =5.5V 

- 

- 

20 

yA 

hL 

Low Level Input Current 
(R Port with Pull-up Resistor) 

V DD =5.5V, V in =0.4V 

- 

- 

-2 

mA 

I L0 

Output Leak Current 
(Open Drain P, R Port) 

V DD =5.5V t V qut =5.5V 

- 

- 

20 

yA 

o 

> 

High Level Output Voltage 
(R Port with Full-up Resistoi) 

V dd = 4.5V, I OH =-200yA 

2.4 

- 

- 

V 

o 

> 

Low Level Output Voltage 
(Except XoUT) 

V DD =4.5V, I 0 L =1.6mA 

- 

- 

0.4 

V 

I 0L 

Low Level Output Current 

(Pl, P 2 ) 

v D d= 5v > v ol =1v 

- 

20 

- 

mA 

I DD+ I HH 

Supply Current 

V DD =V HH =5 * 5V 

- 

50 

100 

mA 

I HHl 

Supply Current(Memory Stand-by) 

%r v ss> v hh= 3 - 5v 

- 

5 

10 

mA 


(Note 1) Typical values are at T opr =25°C, Vpp=VpH=5V. 

(Note 2) When an input resistor is built in the device, the input current through 
the resistor is eliminated. 


AC CHARACTERISTICS (V S s=°V, V dd =V H h= 5V±10%, T opr =-30 ^70°C) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

t cy 

Instruction Cycle Time 


1.9 

- 

20 

ys 

C SDH 

Shift data hold time 

(Note 1) 

0.5tcy-300 

- 

- 

nS 


AC TIMING CHART 

• Serial Port (Completion of transmission) 




(Note 1) External circuit 
for serial ports 
SCK and SO 


339 







INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4740P 

TMP4720P 


EXTERNAL DIMENSION VIEW 


41 39 37 35 33 31 29 27 25 23 

42 40 38 36 34 32 3,0 , 28 26 24 22 



1 2 3 4 5 6 7 8 9 10 n 12 l3 14 l5 16 17 18 19 20 2i 


Unit in mm 


. ph 15.24(TYP.) 

1 K I 5° 

O LT) 

+i 00 . 

o • co "IT 


Note 2 I[ • 5-0«1 
4 _ 1.4±0.15 



Weight 5.7g (TYP.) 

Note 1. This dimension is measured at the center of bending point of 


Note 2. Each lead pitch is 2.54mm, and all the leads are located within 
±0.25mm from their theoretical positions with respect to No.l 
and No.42 leads. 




TMP4740P 

TMP4720P 

\ /V A \ 

Toshiba | 

INTEGRATED CIRCUIT 

X 

HIS 

TECHNICAL DATA 



Specification of program tape and input/output circuit format 

Engineering Samples(ES) of the TMP4740P and TMP4720P will be made if 
you specify the program data and input/output circuit format by use of a 
paper tape. 

The paper tape format is equivalent to the Hex. format of Intel Co. 
(Format I). 

The program data should be specified within the address space corres¬ 
ponding to the built-in ROM capacity; the addresses 000 - 7FF denote the 
address range in the TMP4720P. Accordingly, if the PLA data conversion 
table (addresses FEO - FFF) is used, the table data must be assigned as 
the data located in addresses 7E0 - 7FF. 

1. Specification of input/output circuit format 

The paper tape of Format I starts recording the program data after 
record mark but the input/output circuit code should be specified 

just before the first record mark. 

The "IOCODE XX" format is used to define the input/output circuit 
code. XX denotes the proper input/output circuit code (two alphabets). 

(Note) If the input/output circuit code is not specified, "IOCODE AA" is 
employed. It should be noted that if the specified format is 
different from the standard one, and if the specified input/output 
circuit code is illegal, such specifications may be considered 
to have not been made. 

(Example of tape list) 

TOSHIBA MICROCOMPUTER TLCS-47 
IOCODE AA 

:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67E31F5D8ABA6DF292F113F5C1 
:100020004FF1F 

:1007E000B53D42E0EC32546025B7308CDD52063D1D 
:1007F000B4BE9E9E345B6138060B20BC372BF60BD6 
:00000001FF 





INTEGRATED CIRCUIT 


TMP4740P 

TMP4720P 


TECHNICAL DATA 


2. Program tape format (Format I) 


.... Leaders More than 50 characters of "NULL” 


J record mark and 

( the input/output \ 
circuit format are J 
not included. 

Specification of the 
~input/output circuit format. 

. . . Specification of the inputvbutput circuit 
format I0C0DE XX (XX denotes the input/out¬ 
put circuit code) (It does not matter if 
there is "NULL" from immediately after CB),j 
(QD to immediately before record marking.) 


Not specially 
required. 


It is considered 
to be no specifica¬ 
tion, if not specified. 


Record mark (start of record) 

Record / num ber of program data within one recordN 
length ( re P resente d by two-digit hexadecimal nota¬ 
tion. "00" denotes the end of data. i 


Load (the first address of the record is represented, 
address by four-digit hexadecimal notation. 


Record ("00" . Normal record 

type ^"01" . End of file record 


Data (1-byte data is represented by . 

two-digit hexadecimal notation. 

( two-digit hexadecimal notation is used to re¬ 
present the data of the lower-order eight bits 
in the value which the data covering from the 
record length up to immediately before the 
checksum is subtracted from the initial 
value 0. 

Record mark (the same procedure is repeated hereinafter.) 



More than 50 characters of "NULL" 










INTEGRATED CIRCUIT 


^/o^hiha 



TMP4740P 


TECHNICAL DATA 


TMP4720P 



LIST OF I NSTRUCT IONS 


1“ 

Asserabler 

Mnemonic 

Object Code 

Function 

FI 

*1 

a gs 

Execution 

_ C v clfe 

Binary 

Hexadeoima1 

C lassi- 

fx cation 

1 

st Byt 


2nd Byte 

is 

By 

Je 

2nd 

Byte 

CF 

IF 

SF 


LD 

A ,@HL 

00 

00 

11 

00 


0 

C 


(AC)<~M[(H*L)] 

- 

Z 

1 

1 


LD 

A , X 

00 

11 

11 

00 X 7 X6X 5 X4X 3 X2XlXo 

3 

c 

x H x !. 

( AC ) «—x ] 

- 

z 

1 

2 


LD 

HL, X 

00 

10 

10 

00 X7X 6 X 5 X 4 X 3 X 2 X 1 X 0 

2 

8 

x H x L 

( LR ) -<-M [ x' ] , C HR) *- M[ x+1 ], x =x 7 x 6 x 5 x 4 x 3 x200 

- 

- 

1 

2 


LD 

A f #k 

01 

00 

k 3 k 2 k,ko 

4 

k 


(AC )«—k 

- 

■/. 

1 

1 


LD 

H ,#k 

11 

00 

k 3 k 2 k 1 k 0 

c 

k 


(hr) «~k 


- 

1 

1 


LD 

L ,#k 

11 

10 

k 3 k2kjko 

E 

k 


( Lrv) *-k 

- 

- 

1 

1 


LDL 

A ,@DC 

00 

11 

00 

11 


3 

3 


( AC ) <—R0M L [ ( DC ) ] 

- 

7. 

1 

2 


LDH 

A ,@DC+ 

00 

11 

00 

10 


3 

2 


( AC ) *-ROM H [ ( DC) J , (DC) <- (DC )+-l 

- 

2 

1 

2 


ST 

A ,@HL 

00 

00 

11 

11 


0 

F 


M[(H»L)]«-(AC) 

- 

- 

1 

1 


ST 

A ,@IL+ 

00 

01 

10 

10 


1 

A 


M[(H*L)]*-(AC), (LR)*-(LR) + 1 

- 

7. 

c 

1 


ST 

A ,<§HL- 

00 

01 

10 

11 


1 

B 


M[(H»L)]*— (AC),(LR) *— (LR) — 1 

- 

Z 

B 

1 


ST 

A , X 

00 

11 

11 

11 

X 7 X 6 X 5 X 4 X 3 X 2 XiX 0 

3 

F 

X H X L 

M[x]*-(AC) 

- 

- 

1 

2 

% 

ST 

#k,@HLr(- 

11 

11 

k 3 k2kiko 

F 

x 


M[(H»L)]*~-R,(LR)«-(LR) +■ 1 

- 

7. 

c 

1 


ST 

4fk, y 

00 

10 

11 

01 k 3 k 2 k 1 k 0 y 3 y 2 y 1 yo 

2 

P 

k v 

M[ y ] *—k 

- 

- 

1 

2 


MOV 

H , A 

00 

01 

00 

00 


1 

0 


(AC) *— (HR) 

- 

Z 

1 

1 


MOV 

L , A 

00 

01 

00 

01 


1 

1 


(AC ) <— (LR) 

- 

Z 

1 

1 


XCH 

A , H 

00 

11 

00 

00 


3 

0 


(HR) *=? (AC) 

- 

z 

1 

2 


XCH 

A , L 

00 

11 

00 

01 


3 

1 


(LR) ri (AC) 

- 

z 

1 

2 


XCH 

A ,EIR 

00 

01 

00 

11 


1 

3 


(EIR).3(AC) 

- 

- 

1 

1 


XCH 

A .(aJIL 

00 

00 

11 

01 


0 

a 


M[(H*L)'J c? (AC) 

- 

z 

1 

1 


XCH 

A , X 

00 

11 

11 

01 

X 7 X 6 X 5 X 4 X 3 X 2 XiXo 

3 

t> 

X H X L 

M[x] (AC) 

- 

z 

1 

2 


XCH 

HL, X 

00 

10 

10 

01 X 7 X 6 X 5 X 4 X 3 X 2Xl Xo 

2 

9 

X H X L 

M[x' ]r’(LR) ,M[x'4-l]73(HR),x'=x 7 x 6 X5X 4 x 3 x 2 00 

- 

- 

1 

2 


CMPR 

A ,@HL 

00 

01 

01 

10 


1 

6 


null <—M [(H•L)]—(AC) 

B 

z 

nr 

1 


CMPR 

A , X 

00 

11 

11 

10 X 7 X 6 X5 X4 X 3 X 2 XiX 0 

3 

E 

X H X L 

null <—M [X] — ( AC) 

B 

z 


2 

s 

CMPR 

A ,#k 

11 

01 


D 

k 


null*—k -(AC) 

B 

z 

z 

1 

e 

CMPR 

H ,#k 

00 

11 

10 

00 

11 01 k3k2ki3^o 

3 

8 

D k 

null*—k -(HR) 

- 

z 

B 

2 


CMPR 

L ,#k 

00 

11 

10 

00 

10 01 k 3 k 2 kik 0 

3 

8 

9 k 

null * k - (LR) 

- 

z 

B 

2 


CMPR 

y ,4* 

00 

10 

11 

10 k 3 k 2 k 1 k 0 y 3 y 2 y 1 y 0 

2 

E 

k y 

nu11*— k -M[y] 


z 

z 

2 


INC 

A 

00 

00 

10 

00 


0 

8 


(AC)*-(AC) + 1 


z 

c 

1 


INC 

L 

00 

01 

10 

00 


1 

8 


(LR)*- (LR) + 1 

- 

z 

c 

1 


INC 

@HL 

00 

00 

10 

10 


0 

A 


M[(H»L)]<—M[(H*L)]+l 

- 

z 

c 

1 


DEC 

A 

00 

~oo" 

10 

01 


nr 

9 


( AC )*- ( AC ) - 1 

- 

z 

B 

1 


DEC 

L 

00 

01 

10 

01 


i 

9 


(lr)*— ( LR) - 1 

- 

z 

B 

-1 


DEC 

<aHL 

00 

00 

10 

11 


0 

B 


M[ (H* L) ] *—M[ (H* L) 1 — 1 

- 

z 

1 

1 


AD DC 

A ,@HL 

00 

"oT 

01 

01 


~T 

T - 


( AC ) *— ( AC ) +M[(H*L)]+ (CF) 

C 

z 

C 

1 


ADD 

A ,@HL 

00 

01 

01 

11 


i 

7 


(AC ) <— (AC ) + M[( H •!.) ] 

- 

z 

c 

1 


ADD 

A ,#k 

00 

11 

10 

00 

00 00 k 3 k 2 k]ko 

3 

8 

0 k 

(AC ) <— (AC ) 4 k 

- 

z 

c 

2 

<* 

ADD 

H ,#k 

00 

11 

10 

00 

11 00 k 3 k 2 k 1 k 0 

3 

8 

C k 

(HR)*—(HR) + k 

- 

z 

c 

2 


ADD 

l. ,m 

00 

11 

10 

00 

10 00 k 3 k 2 kjk 0 

3 

8 

8 k 

(LR)*- (LR) + k 

- 

z 

c 

2 


ADD 

@HL,#k 

00 

11 

10 

00 

01 00 k 3 k 2 kik 0 

3 

8 

4 k 

M[(H»L)]*— M[(H»L)J + k 

- 

z 

c 

2 


ADD 

y »#k 

00 

10 

11 

11 k 3 k 2 kikoy 3 y 2 yiy 0 

2 

F 

k y 

M[y]*-M[y] + k 


z 

c 

2 


SUBRC A ,@HL 

00 

"oT 

01 

00 


1 

4 


(AC)*-M[(H*L)]-(AC)-(CF) 

B 

z 

B 

1 


SUBR 

a ,#k 

00 

11 

10 

00 

00 01 k 3 k 2 kik 0 

3 

8 

1 k 

(AC ) *— k —(AC) 

- 

z 

B 

2 


SUBR @HL,#k 

00 

11 

10 

00 

01 01 k 3 k 2 kjko 

3 

8 

5 k 

M[(H*L)]*—k — M[(H*L)] 

- 

z 

B 

2 


ROLC 

A 

00 

~ocT 

01 

01 


0 

5 


McTI— —r'Ar 'VI ( rotate left by 1 bit ) 

C 

z 

C 

1 


RORC 

A 

00 

00 

01 

11 


0 

7 


M AC 1 — HCFh-l ( rotate right by 1 bit) 

c 

z 

C 

1 


AND 

A ,@HL 

00 

~oT" 

11 

10 


1 

E 


(AC)*-(AC) AmC(H-L)] 


z 

z 

1 


AND 

a ,m 

00 

11 

10 

00 

00 11 k 3 k 2 k]iko 

3 

8 

3 k ! 

(AC)*-(AC) A* 

- 

z 

z 

2 


AND 

@HL ,14k 

00 

11 

10 

00 

01 11 k 3 k 2 kik 0 

3 

8 

7 k 

M[ (H «L) ] <— M[ (H*L) ] A k 

- 

z 

z 

2 

J 

OR 

A ,@HL 

00 

"oT 

11 

01 


1 

D 


(AC) *— (AC ) Vm[(H*L) ] 

- 

z 

z 

1 


OR 

A ,44k 

00 

11 

10 

00 

00 10 k 3 k 2 k,k 0 

3 

8 

2 k 

(AC)*-(AC) Vk 

- 

z 

z 

2 


OR 

@HL,44k 

00 

11 

10 

00 

01 10 k 3 k 2 k!k 0 

3 

8 

6 k 

M[(H*L)]*-M[(H*L)] Vk 

- 

z 

z 

2 


XOR 

A ,(5HL 

~ocT 

01 

11 

11 


1 

F 


(AC)*-(AC) VmC(H-L)] 


z 

•Z 

1 





INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47W 

TMP4720P 


(continued) 


i Item 

Classi- 

f icatioi 

Assembler 

Mnemonic 

Obj e c t Code 

Function 



Bina 

ry 

_ 

Hexadecimal 

1 

st Byte 


2nd Byte 

1st 

Byte 

2nd 

Byte 


TEST 

CF 

00 

00 

01 

10 



0 

6 


(sf)-*-(cf),(cf)<-o 


TEST 

A , b 

01 

01 

11 

bib 0 


5 

C + b 

(SF> *- (AC)<b> 


TEST 

@HL, b 

01 

01 

10 

b,b 0 


5 

8+b 

(SF)4-M[(H«L)kb> 


TEST 

y > b 

00 

11 

10 

01 

10 

biboy3y2yiyo 

3 

9 

8+b y 

(SF) <- M[y]<b> 


TEST 

%p , b 

00 

11 

10 

11 

10 

b l b 0P3P2PlP0 

3 

B 

8+ b p 

( SF) ■*— P[p]<b> 


TEST 

@L 

00 

11 

01 

11 



3 

7 


(SF) 4-- p[(LR)<3: 2X-4 X(lr)<i :o» 


TESTP CF 

00 

00 

01 

00 



0 

4 


(SF)+- (CF),(CF)4-i 


T E S T P Z F 

00 

00 

11 

10 



0 

Hi 


( sf) 4— (ZF) 


TESTP OF 

00 

00 

00 

01 



0 

1 


(SF)4 — (of) 

o 

TESTP y , b 

00 

11 

10 

01 

11 

b i b oy3y2yiyo 

3 

9 

C+b y 

(SF) 4— M[y ]<b> 

a 

TESTP %p, b 

00 

11 

10 

11 

11 

b l b 0P3P2PlP0 

3 

B 

C+b p 

(SF) 4- P[p]<b> 

i, 

SET 

OF 

00 

00 

00 

11 



0 

3 


(OF)4- 1 


SET 

@HL, b 

01 

01 

00 

bibo 


5 

b 


M[(H»L) ]<b>-4-l 

a 

SET 

y , b 

00 

11 

10 

01 

00 

b i b <>y3y2yiyo 

3 

9 

b y 

M[yKb>4- 1 


SET 

%p , b 

00 

11 

10 

11 

00 

b l b 0P3P2PlP0 

3 

B 

b P 

P[pKb>4— 1 

PQ 

SET 

@L 

00 

11 

01 

00 



3 

4 


p[ (lr)<3 : 2>+4 K(lr)<i : o»«-1 


CL R 

GF 

00 

00 

00 

10 



0 

2 


(of) 4-0 


CLR 

@HL, b 

01 

01 

01 

bjb 0 


5 

4 + 

b 

M[(H*L)Xb>4-0 


CLR 

y » b 

00 

11 

10 

01 

01 

b i b oy3y2yiyo 

3 

9 

4+b y 

M[y]<b>4-0 


CLR 

%P . b 

00 

11 

10 

11 

01 

b l b oP3P2PlPO 

3 

B 

4 + b p 

P[p]<b>4~0 


CLR 

@L 

00 

11 

01 

01 



|_i 

5 


p[ (lr)< 3 :2>f4 K(lr)<i : o»«- o 


CLR 

IL , r 

~00~ 

11 

01 

10 

11 

r 5 r 4 r 3 r 2 r l r 0 


6 

c + r H r L 

( INTL)<5 :0>4- ( intl)< 5 : 0>Ar<5 :o> 


El CLR 

IL , r 

00 

11 

01 

10 

01 

r 5 r 4 r 3 r 2 r l r 0 

3 

6 

l+TH r L 

(ei f),4— 1, (i ntl)< 5: o> *-( intl)< 5:d>AK5:o> 


DICLR 

il , r 

00 

11 

01 

10 

10 

r 5 r 4 r 3 r 2 r l r 0 

3 

6 

8+r H r L 

(EIF)4— 0 , (1NTL )<5 : 0>4- ( INTL)< 5 0>Ar<5:0> 


IN 

%P , A 

00 

11 

10 

10 

00 

10 P3P2P1P0 

3 

A 

2 P 

( AC ) 4— P [ p ) 

o. 

IN 

%p ,@HL 

00 

11 

10 

10 

01 

10 P3P2P1P0 

3 

A 

6 P 

M[(H.L)]-P[p] 

2 

OUT 

A ,%p 

~oo" 

TT 

"To" 

10 

10 p 4 0 P3P2P1P0 

3 

A 

8+2F4P 

p[p]*-(AC) , P = P4*P3 P2 Pi Po 

$ 

OUT 

@HL,%p 

00 

11 

10 

10 

11 p 4 0 P3P2P1P0 

3 

A 

C+2P4 p 

p[p] 4- M[(H*L)] , P = P4*P3 P 2 Pi Po 

ft 

OUT 

#k ,%p 

00 

10 

11 

00 k 3 k 2 k,lCoP3P2PlPo 

2 

c 

k p 

p[p]«- k 


OUTB 

@HL 

00 

TT 

00 

10 



1 

2 


p[2]*p[i]4-rom[f*(e+(cf))*m[(h*l)]] 


BS 

a 

01 

10 

9 a 8 a 7 a 6 a 5 a 4 a 3 a 2 a 1 a 0 

6 

a H a M a L 

If SF=1 then(Pc)-4-a else null. 


BSS 

a 

10 

d 5 d 4 d 3 d 2 d l d 0 


8+djjdjj 

If SF^=1 then(pc)4—a else nul 1 ,a-+PC>CL1:6>d 

£ 

CALL 

a 

00 

10 

0 a 

10 a 9 a 8 a 7 a 6 a 5 a 4 a 3 a 2 a l a 0 

2 

a 

a M a L 

stack[(spw) ]4— (PC) ,(SPW)4-(SPW) -1 , 

£ 












(PC)«-a,0/aZ 2,047 

a 

CALLS a 

01 

11 

n 3 n 2 n l n 0 


7 

n 


STACK[(SPW)]«-(PC),(SPW) 4- (SPW)-l, 













(PC)<—a,a=8n + 6(n^o) ,134(n=v) 

i 

RET 


00 

10 

10 

10 



2 

A 


(SPW)4-(SPW)+ 1 , (PC)4-STACK[(SPW)] 

& 

RET I 


00 

10 

10 

11 



2 

B 


(spw)*-(spw) + i , (flao*pc)4-stack[(spw)]. 













(EIF)4-1 

1 

o 

NOP 

00 

00 

00 

00 



0 

0 


no operation 





tion Code Map 



0 

1 

• 

3 

* 

5 

6 


8 

9 

A 

B 

C 

D 

E 

F 

0 

NOP 

TESTP 

OF 

CLR 

OF 

SET 

GF 

TESTP 

GF 

ROLC 

TEST 

CF 

RORC 

INC 

DEC 

INC 

@HL 

DEC 

@HL 

A,@HI 

XCH 

A*@HL 

TESTP 

ZF 

ST 

A,@IL 

1 

MOV 

H , A 

MOV 

L, A 

OUTB 

@HL 

XCH 

A,EIR 

SUBRC 
A ,@HL 

ADDC 

A,@IL 

CMPR 

A,(gHL 

ADD 

A,@HL 

L 

DEC 

L 

ST 

A,@Hbt 

ST 

A^SRL- 


OR 

A^IL 

AND 

A,@JL 

XOR 

A ,@HL 

2 

CALL a 

LD N 
HL,x 

XCH x 
HL,X 

RET 

RET I 

OUT x 

ST N 

#k,y 

CMPR'' 

y,#k 

ADD x 
y,#k 

3 

XCH 

A,H 

XCH 

LDH 

A@X+ 

LDL 

A,@DC 

SET 

@L 

CLR |(0P36)| TEST 
@L \ K i @L 

(0P38; 

(0P39) 

(OPSA) 

(0P3B) 

LD X 

XCH X 
A, X 

CMPR^ 

ST X 

4 

LD A,#k 

5 

SET @IL, b | CLR @HL,b | TEST (gHL, b | TEST A, b 

6 

bs a 

7 

CALLS a 

8 

bss a 

* 

A 

B 

C 

LD H , #k 

D 

CMPR A , #k 

* 

LD L , #k 

F 

ST t , @IL+ 


( continued ) 


\lst byte code 

2 nd byte \ 

code(higher 

0P36 

0P3 8 

0P39 

O P 3 A 

36 

38 

39 

3 A 

0 


ADD \ 

A, #k 

\ 

SET • 

y. b 


1 

SUBR \ 

A, #k 

2 

OR \ 

A, #k 

IN 

%P,A 

3 

AND "\ 

A, #k 


4 

\ 

BICIR 

il, r 

ADD 

&ib, #k 

CLR 

y. b 


5 

SUBR \ 

@iL, #k 

6 

OR \ 

®JL, #k 

I N 

%P ,@H 

- 

AND \| 

<&ih, #k 


8 

\ 

DICIR 

il, r 

ADD \j 

L, #k 

TEST 

y. b 

OUT 

A,%P 

9 

CMPR \ 

L, #k 


A 


1 OUT 

A,%P 

B 


c 

\ 

CLR 

il, r 

ADD \j 

H, #k 

\ 

TESTP 

y. b 

OUT 

@HL,%p 

D 

CMPR \| 

h, #k 


E 


OUT 

@HL,9fcp 

F 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT x 

TMP4700C x 

SILICON MONOLITHIC \V 

N-CHANNEL SILICON GATE DEPRESSION LOAD 


NMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N) TMP4700C 
GENERAL DESCRIPTION 


The TLCS-47 is the high speed and high performance,4-bit single chip 
microcomputer series designed for general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 

In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 

The TMP4700C is the system development evaluator chip used for 
developmental and operational check of the TLCS-47 application systems 
(programs). 

Although the TLCS-47N and the TLCS-47C have different electric 
characteristics and some functions, the individual configuration of a 
functionally equivalent system is possible by using the TMP4700C. 

Furhter, when the TMP4700C is used, the evaluation boards equivalent to 
respective versions of the TLCS-47 should be used. 


PIN CONNECTIONS (Top View) 


CO CJ 

t O El Ph C 

J z ^ * 
I Ph Ph 


b o 

| CO CQ 


H S3 


R 53 

DO 0 ti)P') 
DOiiDEP' 
DOg( LRo 1 
D 0 3 ( 

r 6 0 
r 61 
r 6 2 
r 63 
r 70 
r 71 
R 7 2 
r 73 

IltDI i) 

I2( R I2) 

I 3 CDI 3 ^ 

I4 C r I 4 > 

I 5 (_SPI) 

i 6 (Lm) 


P PE WHOCOWMo^ 

P 21 O)O)OiC0ffi®g)H 

Mh dn Mh ^ LC| |Xj Mh pt m J> fL 1 p!!j Dh 

a a.nn . n i i n n a n n n n n.n.a.n_.n.Q. 

RQ RQ R^ R« .R.R ,R4 STA fiS ,RT RO 4Q 4ft 47 46 4.R 44- 43 42 41 


□ _ 

60 59 58 57 56 55 54 ^3 52 51 50 49 48 47 46 45 44 43 42 

61 


75 

76 

77 
d 78 
□ 79 


2345 6789 1011 121314 15 16'17 18 19 2 

nXTTTTD U U U U U UUUULIULl LJ U L 


RESET 
x 0UT 
' X IN 
CALD 

HFR 


<A p At Pm Ph 


CP CQ O H CV? CO 

03 N N O! N W 

> PL, PL, pL, CM <| ■ 
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PIN NAMES AND PIN DESCRIPTIONS 


Pin Names 

No. of 
Pins 

I/O 

Functions 

K 03 ^ Koo 

4 

Input 

Input port 

P 1 3 P i o 

4 

Output 

Output port (corresponding to PLA) 

P 2 3 ^ P 2 0 

4 

Output 

" ( ) 

Rz» 3 ^ R 4 0 

4 

I/O 

I/O port 

R 5 3 ^ R 5 0 

4 

I/O 

M 

R 6 3 ^ R 6 0 

4 

I/O 

11 

R 7 3 ^ R 7 0 

4 

I/O 

" 

R 8 3 (T 1 ) 

1 

I/O 

I/O port or timer/counter input 

r 82 (INT 1 ) 

1 

I/O 

11 or interrupt input 

Rai (T 2 ) 

1 

I/O 

11 or timer/counter input 

r 80 (TntI) 

1 

I/O 

" or interrupt input 

r 92 (sck) 

1 

I/O 

I/O port or shift clock for serial port 

R91 (so) 

1 

I/O 

" or serial output 

R »0 (SI) 

1 

I/O 

" or serial input 

A11 ^ Ao 

12 

Output 

Program memory address 

I 7 (HLT) 

1 

Input 

Program data input (Holt request signal input) 

I 6 (INH) 

1 

Input 

M (Inhibit control signal input) 

Is (SPI) 

1 

Input 

" (Port control signal input) 

L,(DI 9 ) ^Io(DIo) 

5 

Input 

" (Data input) 

D0 3 (CF) 

1 

Output 

Data Output (Carry flag monitor) 

do 2 (lr 0 ) 

1 

Output 

" (L register monitor) 

DOi (DEP) 

1 

Output 

" (Port control signal output) 

DOo (DP) 

1 

Output 

ii ( » ) 

PNR 3 ^ PNRo 

4 

Output 

Port address output 

CLK 

1 

Output 

Strobe signal 

ST 0 , ST 1 

2 

Output 

State signal 

&A, SB 

2 

Output 

Status signal 

MR 

1 

Output 

Master reset signal output 

HFR 

1 

Output 

Hold monitor output 

CALD 

1 

Input 

Data fetch cycle request signal input 

SELC 

1 

Input 

Clock select input 

HOLD 

1 

Input 

Hold signal input 

XIN, XOUT 

2 

Input, 

Output 

Resonator connection terminal 

RESET 

1 

Input 

Initialize signal input 

TEST 

1 

Input 

(Low level is input.) 

VDD 

1 

Power 

supply 

+5V 

vhh 

1 

Power 

supply 

Power 

+5V (Memory power supply) 

vss 

1 

supply 

OV 
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BLOCK NAMES AND DESCRIPTIONS 


Block Names 

Functions 

PC 

Program counter (12 bits) 

IR, decoder 

Instruction register, Decoder 

HR, LR 

H register (page assignment of RAM), L register (address 
assignment in RAM page), (each 4-bit. register) 

RAA 

RAM address buffer register (8 bits) 

RAM 

Deta memory 

STACK 

Save area of program counter and flags.(RAM area) 

SPW 

Stack pointer word (RAM area) 

DC 

Data counter (12 bits, RAM area) 

AX, AY 

Temporary register of ALU input 

ALU 

Arithmetic and logic unit 

AC 

Accumulator 

FLAG(CF,ZF,SF,GF) 

Flags 

K, P, R 

Ports 

INTR control 

Interrupt control 

(EIF: Enable interrupt master F/F, EIR: Enable interrupt 
register) 

FD 

Frequency divider (4-stage prescaler + 18 stages) 

TCi, TC 2 

12-bit timer/counter 2-channels (RAM area) 

TC control 

Timer/counter control 

SIO control 

Serial port control.. 

HOLD control- 

Control of hold function 

SYS control 

Generation of various internal control signals 

CG, TG, 

Clock.generator, timing generator 
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TMP4700C 



INTEGRATED CIRCUIT 


TECHNICAL DATA 



FUNCTIONAL DESCRIPTION 

The TMP4700C is the system development evaluator chip for the 
TLCS-47. When a program memory (equivalent to TMM2732D, TMM323D-1) 
is externally mounted, it is possible to configurate a system equivalent 
to the TMP4740P or the TMP4720P (the input/output circuit format, 
however, must be equivalent to (IOCODE AA) and in the case of (IOCODE 
AE) and (IOCODE AF), externally mounted resistors are required). 


In the case of other input/output circuit formats of the TMP4740P 
and TMP4720P, or in the case of other NMOS family or CMOS family, it 
is also possible to configurate an equivalent system by adding an ex¬ 
ternal circuit using an evaluator chip dedicated terminal. There¬ 
fore, in application systems of these models, the evaluation boards 
equivalent to respective versions shall be used. 


Further, when the TMP4700C is used, the technical descriptions 
for respective versions and the instruction manuals for equivalent 
evaluation boards, debugging tools and the like shall also be 
read. 


The operation of the TMP4700C is described in the following on 
the basis of the terminal functions. 


1. TLCS-47N standard chip equivalent terminals 

The terminals shown in Fig. 1.1 have the functions and 
characteristics equivalent to the input/output circuit format 
(IOCODE AA) of the standard chips(TMP4740P, TMP4720P) of the 
TLCS-47N. Therefore, in this case it is possible to configurate 
an equivalent system by externally mounting a program memory. 
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Fig.1.1 TLCS-47N Standard Chip (IOCODEAA) Equivalent Terminals 
2. Connection of Program Memory 

As an externally mounted program memory, a programable ROM 
equivalent to the TMM2732D (4K x 8 bits) or TMM323D-1 (2K x 8 bits) 
is used. 

The connecting method of a program memory and the timing chart are 
shown in Fig. 2.1. 

Further, An and I 7 (HLT) terminals in the diagram are MSB, 
respectively. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP4700C 


+5V 

_L_ 

vdd 

Ao 


An 

TMP4700C 

I 7 (HLT) 
i 

Io(DIo) 

vss 

ST x 


+5V 




(ROM Address) 


^Instruction/ 
{ ROM data 


T 


A 0 VCC 
S 

An 


TMM2732D 


0 7 

$ 

Oo 


OE/Vpp CE 
GND 


Jr 


□ 


Note 1. When the TMM323D-1 is used, the TMP4700C output terminal 
An should be opened. 

Note 2. The instruction/ROM data input terminal has a built-in 
pull-up resistors. 

(a) Connection of Program Memory 


L_ 


iipc r _x_ . . .. 

r m .r ww m 


(b) Program Memory Access Timing Chart 


Fig. 2.1 Connection of Program Memory 






INTEGRATED CIRCUIT 


TMP4700C 


TECHNICAL DATA 



3. Control Terminals for External Circuits 


( 1 ) 


Timing signals (CLK, ST(), ST^, SELC) 

In order for the timing control of the external circuits, 

3 types of signals are transmitted from the timing generator of 
the TMP4700C. 

The TMP4700C is capable of supporting either system of the TLCS-47N 
and the TLCS-47C. For selecting these systems, the SELC signal 
input is used. 

The timing chart of these signals is shown in Fig. 3.1. 

Further, the SELC terminal has a built-in pull-up resistor. 


X IN 

CLK 


ST 0 

ST X 


J \_ f 

_ / \ _ 


(a) TLCS-47N Support (SELC = 1) 


XlN 

CLK 

ST 0 

ST X 




j 


Note: These are somewhat different from the operating 

timings of CMOS family. 

(b) TLCS-47C Support (SELC = 0) 


Fig. 3.1 Clock Timing Chart 
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I 7 (HLT) 

HLT signal is the halt request signal input to the TMP4700C 
at time of the system debugging. HLT signal input is multiplexed 
with data input from the external ROM and a signal is input when 
ST| signal is at high level. 

When a low level signal is input into HLT signal input and 
accepted, the TMP4700C starts the halt operation. At this time, 

CPU executes no operation cycle, but as long as HLT request is 
being accepted, it stops the divider to operate (therefore, the 
counting for the timer interruption of divider, the internal clock 
to the timer/counter and the internal shift clock for serial 
transfer are also stopped, accordingly), and furthermore, it 
inhibits the timer/counter operation and acceptance of interrupt 
requests. 

However, a request for LCD data fetch cycle, which is used on LCD 
driver built-in version is accepted (one instruction cycle). 

Further, the interrupt latch and the count latch for the timer/ 
counter are set/reset independently of HLT operation and subsequent 
INH operations. 

Further, I 7 (HLT) terminal has a built-in pull-up resistor. 

I 6 (INH) 

INH signal is the control signal input for temporarily inhibit¬ 
ing the divider operation, timer/counter operation and interrupt 
request acceptance at time of the system debugging. INH signal input 
is multiplexed with data input from the external ROM and a signal is 
input when ST^ is at high level. 
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As long as a low level signal is input into INH input and is being 
accepted, the TMP4700C stops the divider to operate and inhibits the 
timer/counter operation and acceptance of interrupt requests. However, 
a request for LCD data fetch cycle, which is used on LCD driver built-in 
version is accepted (one instruction cycle). 

Since this INH operation can be controlled independently of HLT 
operation, it can be used in normal system program operation. Further¬ 
more, it also can be used for controlling the internal monitor at time 
of the system debugging. 

Further, 16 (INH) terminal has a built-in pull-up resistor. 


HOLD 

This input is equivalent to the HOLD terminal provided in the 
TLCS-47C. 

As the system operation for the hold function, operation of this 
input is similar to that of each version of the TLCS-47C for HOLD 
terminal input except the followings: 

(a) The oscillator is not stopped (normal oscillation is continued). 

(b) Supply current don’t decrease from the value of the TMP4700C 
operating current. 

Further, this HOLD terminal has a built-in pull-up resistor. 


CALD 

This is a request signal input for the data fetch cycle, which is 
used on LCD driver built-in version. 

When a low level signal is input into the CALD input and accepted, 
the TMP4700C executes the LCD data fetch cycle (one instruction cycle). 

Further, this CALD terminal has a built-in pull-up resistor. 
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(3) System control signal outputs 
SA, SB 

SA and SB signal outputs are signals for monitoring the internal 
operation of the TMP4700C (See Table 3.1). These signals are switched 
for every instruction cycle. 

SA SB 

0 0 Executes the first cycle of an instruction 

0 1 Executes the LCD data fetch cycle by a CALD request 

1 0 Executes the halt operation by a HLT request 

1 1 Executes other operations 

Table 3.1 SA, SB Signal Outputs 
MR 

This is a response signal to RESET signal input, and is the 
system reset signal. 

HFR 

This signal is a monitor signal relative to the hold operation 
and is also used for an external circuit control. 

(4) Port control 

In order to support the versions of TLCS-47 series commonly, 
the TMP4700C is able to input data from an external circuit or to 
output data to a register created in an external circuit. 

(a) Control signals 
pnr 3 ^ PNR 0 

4 bit outputs indicating port addresses. 

D0 0 (DP), D0]_ (DEP) 

These signals (DP, DEP) control the port write/read by the external 
circuits. They are multiplexed with data output (DO) and are trans¬ 
mitted when STq signal is at high level. 
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SPI signal controls the port read by the external circuits. 

This signal is multiplexed with data input from an external ROM and 
is input when ST^ signal is at high level. 

(b) Data inputs 

I 4 (DI4) ^ I 0 (DI 0 ) 

These (DI 4 n, DIq) are the data input terminals at time of the 
read operation from the external circuits. They are multiplexed with 
data inputs from the external ROM and are input when STi signal is at 
high level. 

(c) Data outputs 

D0 3 (CF), D0 2 (LRq), D0]_ (DEP), DOo (DP) 

These (DO 3 ^ DOq) are the data output terminals at time of the 
write operation to the external circuits. These outputs are multi¬ 
plexed with other outputs and are transmitted out when ST 3 signal 
is at low level. 

Note: The port output timing on each versions of the TLCS-47 

series and that on the TMP4700C external circuit somewhat 
differ each other. 

DO 3 (CF) 

Contents of the carry flag are transmitted. This CF output is 
multiplexed with the data output (DO) and is sent out when ST^ 
signal is at high level. 

D0 2 (LRq) 

Contents of LSB of L register is transmitted. This LRo output 
is multiplexed with the data output (DO) and is sent out when ST-^ 
signal is at high level. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATING (v S s =OV) 

SYMBOL ITEM 


TMP4700C 


Supply Voltage -0.5 ^ 7 

Input Voltage. -0.5 v, 7 

Output Voltage (Except Open Drain ! _ _ 

„ v rr i -0.5 % 7 

Port) _ __ !_ 

Output Voltage (Open Drain Port) -0.5 -v 10 

Output Current (P ls P 2 ) 30 

Power Dissipation (Topr = 70°C) 1 

Soldering Temperature • Time 260(10sec.) 

Storage Temperature -55 'v 125 

Operating Temperature -30 ^ 70 


RECOMMENDED OPERATING CONDITIONS 


(V S S =0V) 


SYMBOL 

• ITEM 

CONDITION 

MIN. 

MAX. 

UN 


Topr 

Operating Temperature 


-30 

70 

° 

C 

VDD 

VHH 

Supply Voltage 


4.5 

5.5 


V 

VHH1 

Supply Voltage (Memory Stand-by) 


3.5 

5.5 

VIH1 

High Level Input Voltage 

S (Note 1) 


2.2 

VDD 




_;_ (Note 2) _ * 

rTn Low Level Tnput Voltage T n Q 

[L1 (Except Kq) 0 °- 8 

^2 Tow LeveT~Thput ToXtage " 0 12 

lq Clock Frequency 0.4 4.2 

High Level Clock Pulse Width ,, Tn VTU Qn 

\/CH 6 (Note 3) VIN - VIH 80 ~ 

Low Level Clock Pulse Width t 7t _ t 7Z t on 

JCL 1 _ : _ (Note 3) | VIN = VIL | 80 | - | 

(Note 1) Application terminals: R*, v R 7 , I 7 (HLT) o, Io(DIo) 

(Note 2) Application terminals: Inputs other than application 

termianl (Note 1) 


(Note 3) For external, clock operation 











D.C. CHARACTERISTICS (VSS=OV, V D D = V H H = 5V±10%, Topr = -30 'v 70°C) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

(*) 

MAX. 

UNIT 

VHS 

Hysteresis Voltage 
(Schmitt Circuit Input) 


- 

0.5 

- 

V 

IIN1 

Input Current (Ko,RESET,TEST) 

VDD=VHH=5. 5V,Vin=5.5 V 

- 

- 

20 

pA 

HN2 

Input Current (R Port) 

VDD=5.5V, Vin=5.5V 

- 

- 

20 

HL 

Current (**) 

VDD=5.5V, Vin=0.4V 

- 

- 

-2 

mA 

ILO 

Output Leakage Current 

(P. R Port) 

VDD=5.5V, V0UT=5.5V 

- 

- 

20 

yA 

VOH 

High Level Output Voitage 
'(***) 

VDD=4.5V,IOH=-400yA 

2.4 

- 

i _ 

V 

V 0 L 

Low Level Output Voltage 
(Except XOUT) 

VDD=4.5V, IOL = l* 6 mA 

- 

- 

| 0.4 

IOL 

Low Level Output Current 

(Pi , P?) 

VDD=5V, V0L=1V 

- 

20 

j- 

mA 

IDD+IHH 

Supply Current 

VDD=VHH=5.5V 

- 

70 

150 

mA 

IHH1 

Supply Current 

(Memory stand-by) 

VDD=VSS, VHH=3.5V 

- 

5 

10 ! 
_ 1 


(*) TYP.. values are at Topr=25°C, Vdd=Vhh=5V. 

(**) Application terminals: HOLD, CALD, SELC, I 7 (HLT) %I 0 (DI 0 ). 

(***) Application terminals: Control output terminal specific to evaluation. 


A.C. CHARACTERISTICS (VSS = 0V, Vdd = VHH = 5V±10%, Topr = -30 a, 70°C) 

( 1 ) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

Unit 

tcy 

Instruction Cycle Time 


1.9 

- 

40 

PS 

tSDH 

Shift Data Holding Time 

(Note 1) 

0.5tcy - 300 

- 

- 

nS 


(Note 1) SCK, SO Terminal External Circuit 


i VDD 
lOkfi 

50pF 


( 2 ) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAD 

Address Delay Time 

CL =lOOpF 

- 

- 

270 

nS 

tis 

Data Set-up Time 

If 

150 

- 

- 

tIH 

Data Hold Time 

" 

50 


- 
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INTB3RAFED CIRCUIT 


TECHNICAL DATA 


A.C. Timing Chart 

(1) Serial Port (Completion of transmission) 
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INTEGRATED CIRCUIT 



TECHNICAL DATA 


TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT' 
TMP4799C 
SILICON MONOLITHIC 

N-CHANNEL SILICON GATE DEPRESSION LOAD 



NMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47N) TMP4799C 

GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for the general purpose use. 

The TLCS-47 has veriously powerful functions in order to meet with 
the advanced and complicated applications, which will be made in near future. 
In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 

TMP4799C is the system development evaluator chip, which is equipped 
with a 24-pin socket which may directly mount the general purpose 32K EPROM 
(TMM2732D) on the top of the package. Therefore, when the program 
written in the 32K EPROM is mounted on the package, TMP4799C becomes pin 
compatible with TMP4740P, TMP4720P and can be used for developmental and 
operational check of the TLCS-47N application systems and programs. 

The former operates the same as the latter. 

TMP4799C can be used within the range of a microcomputer for the 
TLCS-47N system as well as for mounting an equipment made on an experimental 
basis. 
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• General purpose 32K EPROM TMM2732D (equivalent to INTEL 2732) can 
be used. 

“ Compatible with TLCS-47N single chip microcomputer family 
TMP4740P/TMP4720P in pin. 

Compatible with TLCS—47 series in software. 

• ROM 4,096 x 8 BIT (external), LAM 256 x 4 BIT (internal) 

PIN CONNECTIONS (Top View) 


R40 

c 

i 





42 

R41 

E 

2 





41 

R42 

E 

3 





40 

R43 

c 

4 





39 

R50 

C 

5 





38 

R51 

q 

6 





37 

R52 

q 

7 





36 

R53 

c 

8 





35 

R60 

c 

9 


A7 

vcc 

24 

, - 34 

R61 

c 

Iv 




V 33 





A6 

A8 

23 


R62 

c 

11 



32 

R63 



■ 3 

A5 

A9 

22 

J 

c 

12 

4 

All 

21 

: si 


A4 

R~0 

c 

j.6 




3j 




5 

A3 

OEkVPP 20 


R^i 

c 

i4 . 





29 ; 

R^2 

c 

15 ' 

« 

A2 

A10 

19 

" 28 

R75 

E 

i.6 


A1 

CE 

18 


P10 

E 

17 ~ 

■ 8 

AO 

07 

17 

h 26 1 

" 25 

Pll 

E 

18 ' 

9 

00 

06 

16 

P12 

E 

19 

LC 

01 

05 

15 

o 

- 24 

PL3 

E 

2°; 

11 

02 

04 

14 

O 

25 

VSS 

E 

21 ' 

12 GND 

03 

13 

' 22 


VDD 

R92(SCK) 

R9KSG) 

R90^SI) 

R83(Ti) 

R82(Int!) 

R8U.T2) 

R80(lNT2) 

VHH 

RESET 

XOUT 

XIN 

TEST 

K03 

K02 

KOI 

KOO 

P2S 

P22 

P21 

P20 


(NOTE) Mark : Socket for TMM2732D 
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TMP4799C 


$asfuba 


INTEGRATE) CIRCUIT 

TECHNICAL DATA 



PIN NAMES AND PIN DESCRIPTIONS 


Pin Names 

No . of 
pins 

Input/ 

Output 

Functions 

o 

o 

c 5 

o 

4 

Input 

Input port 

P i 3 ^ P 10 

4 

Output 

Output port (corresponding to PL.A) 

P 23 % P 20 

4 

Output 

" ( ) 

R 43 ^ R 40 

4 

I/O 

I/O port 

R53 ^ ^50 

4 

I/O 

" 

R 6 3 % R60 

4 

I/O 

M 

R 73 ^ R 70 

4 

I/O 

" 

r 83 (t x ) 

1 

I/O 

I/O port or timer/counter input 

R 82 (I NT -, ) 

1 

I/O 

" or interrupt input 

R 81 <V 

1 

1/0 

" or timer/counter input 

R 80 (IN V 

1 

I/O 

" or interrupt input 

r 92 (sck) 

1 

I/O 

I/O port or shift clock for serial port 

r 91 (so) 

R 90 (si) 

1 

1 

I/O 

1/0 

" or serial output 

" or serial input 

X IN» ^UT 

2 

Input, 

Output 

Resonator connection terminals 

RESET 

1 

Input 

Initialize signal input 

TEST 

1 

Input 

(Low level is input.) 

v D d 

1 

Power 

supply 

+5V 

V HH 

1 

Power 

supply 

+5V (Memory power supply) 

V SS 

1 

Power 

supply 

OV 

An % A 0 

12 

Output 

Program memory address 


O 7 ^ o 0 

8 

Input 

Program data input 


OE / Vpp 

1 

Output 

Output buffer control 

Socket for 

CE 

1 

Output 

Chip Enable (connected with Vgg) 

TMM2732D 

v C c 

1 

Power 

supply 

+5V (connected with Vqd) 


GND 

1 

Power y 

..supply... 

OV (connected with Vgs) 



Note : RESET terminal has no built-in pull-up resistor as well as 


TEST terminal has no built-in pull-down resistor. 
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BLOCK NAMES AND DESCRIPTIONS 


Block Names 

Functions 

PC 

Program counter (12 bits) 

IR, decoder 

Instruction register. Decoder 

HR, LR 

H register (page assignment of RAM), L register (address assign¬ 
ment in RAM page), (each 4-bit register) 

RAA 

RAM address buffer register (8 bits) 

RAM 

Deta memory 

STACK 

Save area of program counter and flags (RAM area) 

SPW 

Stack pointer word (RAM area) 

DC 

Data counter (12 bits, RAM area) 

AX, AY 

Temporary register of ALU input 

ALU 

Arithmetic and logic unit 

AC 

Accumulator 

FLAG(CF,ZF,SF,GF) 

Flags 

K, P, R 

Ports 

INTR control 

Interrupt control (EIF: Enable interrupt master F/F, 

EIR: Enable interrupt register) 

FD 

Frequency divider (4-stage prescaler + 18 stages) 

TCi, TC 2 

12-bit timer/counter 2-channels (RAM area) 

TC control 

Timer/counter control 

SIO control 

Serial port control 

SYS control 

Generation of various internal control signals 

CG, TG 

Clock generator, timing generator 
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FUNCTIONAL DESCRIPTION 


TMP4799C is the system development evaluator chip for the TLCS-47N. 

When the 32K EPROM (TMM2732D) in which the program is written is mounted 
on the package, it is possible to configurate a system equivalent to 
TMP4740P or TMP4720P. 

The precautions for using TMP4799C are described. 

1. Program Memory (ROM) and ROM address 

The precautions for using TMP4799C as an evaluator chip for TMP4720P 
are described. 

TMP4720P contains a program memory with 2,048 x 8-bit (addresses 000 - 7FF) 
capacity. In case of TMP4720P, the PLA data conversion table must be located 
in addresses 7E0 - 7FF, because the MSB in the program counter is not decoded 
and there is no physical ROM in addresses 800 - FFF. 

When TMP4799C is used with 32 k EPROM, the program counter with 12-bit 
length is decoded and there is a program memory with 4,096 x 8-bit (addresses 
000 - FFF) capacity. In case of TMP4799C, the PLA data conversion table is, 
therefore, located in addresses FEO - FFF. 

No precaution is required, when TMP4799C is used as an evaluator chip for 
TMP4740P. It is because the former has the same address space as the latter. 

Fig. 1.1 shows the ROM address space of TMP4740P, TMP4720P and TMP4799C. 



(TMP4740P) (TMP4720P) (TMP4799C) 

Fig. 1.1 ROM Capacity and Address 
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2. Data Memory (RAM) and RAM address 

The precautions for using TMP4799C as an evaluator chip for TMP4720P 
are described. 


Data memory contained in TMP4720P has a 128 x4-bit (addresses 00 - 7F) 
capacity, and the specific RAM address, which is used for the stack area, 
the data counter, etc., is located in addresses 40 - 7F. It is because the 
MSB of RAM address buffer register is not decoded and there is no physical 
RAM in addresses 80 - FF in TMP4720P. 


In case of TMP4799C, the RAM address buffer register with 8-bit length 
is decoded and there is data memory with 256 x 4-bit (addresses 00 - FF) 
capacity. Then the specific RAM address area is located in addresses CO - FF 
in TMP4799C, while it located in addresses 40 - 7F in TMP4720P. Further, it 
is necessary to pay attention to the addresses of the data memory in case of 
accessing the data in the specific RAM address area. 

Fig. 2.1 shows the RAM address space of TMP4740P, TMP4720P and TMP4799C. 


RAM 



Address i 

00 


RAM 


/ Data \ 

(region/ 


7 n 

80' 

(= 00 ) 


Specific 

address 

region 


h 


i- 1 


FF 

(«7fJ- 


Address 

00 


3F 


Image 
of ad¬ 
dress 
00- 7F 


CO 


FF 


RAM 



Not used 
|./ in case 
of 

TMP4720P' 


Specific 

address 

region 


(TMP4720P) 


(TMP4799C) 


Fig. 2.1 RAM Capacity and Address 
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Fig. 3.1 shows the input/output circuit format of TMP4799C which 
is equivalent to "IOCODE AA" of TMP4740P and TMP4720P. 


Vport 

Input 

Output 

I/O 

I/O 


I/O 

Cir^\ 
cuit \ 

(K 0 ) 

(P1»?2> 

(Rq > R 5 > R6) 

(R 7 ) 

(r 8 ,r 9 ) 





._ 1—1 


I/O 

equiv- 


i-n 

1 —H 1 


1-1 

___n 

□—w-[>~{>~ 

—r 3 


-one . 

tR 


alent. 

Circuit 




-<b-<}— 


——' 

... 

R=lkfi (TYP.) 


R=lktt (TYP.) 

R=lkft (TYP.) 

R=lkft (TYP.) 

■ 

° High thresh¬ 

°Sink open- 

0 Sink open- 

0 Sink open- 

0 Schmitt cir¬ 


old input. 

drain output. 

drain output. 

drain output. 

cuit input. 


° No resistor 

°High output 

0 Output latch 

0 Output latch 

0 Sink open- 


is contained. 

current. 

is initializ¬ 

is initialized 

drain output. 

Remark 


o Output latch 
is initialized 

ed to the 
high level. 

to the high 
level. 

0 Output latch 
is initialized 



to the high 




to the high 



level. 




level. 


Note : TMP4799C does not contain the pull-up resister with RESET pin and does not 
contain the pull-down resistor with TEST pin. It is necessary to provide 
RESET pin with the pull-up resister 200kfi TYP.) and to provide TEST pin 
with the pull-down resister (^70kfi TYP.), respectively. 


Fig. 3.1 Input/Output circuit format of TMP4799C 


TMP4799C cannot be used as an evaluator chip for TMP4740P or TMP4720P 
which employs "IOCODE AH" or "IOCODE AI", because the output latches of 
R4, R5, R6 are initialized to the high level in the former and to the low 
level in the latter. 
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It is necessary to provide the pull-up or pull-down resisters with 
KO port and to provide the pull-up resisters with R4, R5, R6 ports when 
TMP4799C is used as an evaluator chip for TMP4740P or TMP4720P which 
employs "IOCODE AE M or "IOCODE AF", respectively. Fig. 3.2 shows the 
examples of the external circuitries. 



R4,R5,R6 


I_ 

(1) The external circuitry for TMP4799C 
(equivalent to "IOCODE AE") 



R4,R5,R6 


I-J 

(2) The external circuitry for TMP4799C 
(equivalent to "IOCODE AF") 

Fig. 3.2 Example of external circuitry for TMP4799C 
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INTEGRATED CIRCUIT 

£ TECHNICAL DATA 

ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS (V ss =OV) 


TMP4799C 


V HH 

Supply Voltage 

-0.5 'V 7 

V IN 

Input Voltage 

-0.5 ^ 7 

V 0UT1 

Output Voltage(Except Open Drain Port) 

-0.5 ^ 7 

V OUT2 

Output Voltage (Open Drain Port) 

-0.5 ^ 10 

I OUT 

Output Current (Pj, P 2 ) 

30 

P D 

Power Dissipation (T O p r =70°C) 

1 

Tsoi 

Soldering Temperature • Time 

260 (10 sec) 

T stg 

Storage Temperature 

-55 ^ 125 

T opr 

Operating Temperature 

-30 % 70 

RECOMMENDED OPERATING CONDITIONS (V ss =OV) 



SYMBOL 

ITEM 

CONDITION 


T opr 

Operating Temperature 


-30 

70 

°c 

Vdd 



4 5 

5 5 


v H h 





V 

v HHl 

Supply Voltage (Memory Stand-by) 


3.5 

5.5 


ViHl 

High Level Input Voltage (R 4 %R y ) 


2.2 

Vdd 


V IH2 

High Level Input Voltage (Except R 4 ^ R ? ) 


3 

v D d 


ViLl 

Low Level Input Voltage (Except K 0 ) 


0 

0.8 


VlL2 

Low Level Input Voltage (Ko) 


0 

1.2 


f C 

Clock Frequency 


0.4 

4.2 

MHz 

twCH 

High Level Clock Pulse Width (Note 1) 

v ir v iH 

80 

- 

nS 

tWCL 

Low Level Clock Pulse Width (Note 1) 

VlN=VlL 

80 

- 
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TMP4799C 


TECHNICAL DATA 


D.C. CHARACTERISTICS (V ss =OV, v dd =V H h= 5V±10%, T opr =-30'WO°C) 


Hysteresis Voltage 

(schmitt Circuit Input) _ 

Input Current (K 0 ,RESET,TEST) V DD =V HH =5.5V,V 1 N =5.5V 
Input Current (R Port) V DD =5.5V, Vj N =5.5V 

Current (**) Vdd=5.5V, Vxn=0.4V 


Output Leakage Current 

(P, R Port) 

High Level Output Voltage 

(***) 

Low Level Output Voltage 
(Except Xq UT ) 

Low Level Output Current 
(Pi, p 2 ) 


Idd + ^HH Supply Current 

Supply Cu ?K" t 


Supply Current 

(Memory stand-by) 


V D d= 5 -5V, V out -5.5V 
V D d=4.5V,I O h = -^°0pA 
V D p=4.5V, I ol =1. 6 mA 
V DD= 5V > V 0L= 1V 

v dd =v hh =5 - 5v _ 

VDD = VSS, Vhh=3.5V 


(*) TYP. values are at T opr =25°C, V DD =V HH =5V. 

(**) Application terminals : O 7 ^ Oq 

(***) Application terminals : Aij^Aq, OE/Vpp 



A.C. CHARACTERISTICS (V S s=0V, V dd =Vhh= 5V±10%, T opr =-30 v70°C) 

(i) ___ 

SYMBOL PARAMETER CONDITION MIN. 

t cy Instruction Cycle Time 1.9 

t SDH Shift Data Holding Time (Note 1) 0.5tcy-300 

(Note 1) SCK, SO Terminal External Circuit 


TYP. MAX 

_ _ 


( 2 ) 

SYMBOL 

PARAMETER 

fc AD 

Address Delay Time 

tis 

Data Set-up Time 

tlH 

Data Hold Time 


CONDITION 

Cl=100 P F 


MAX. I UNIT 

270 






^oSuba 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP4799C 


A.C. Timing Chart 

(1) Serial Port (Completion of transmission) 


SCK 




4.5 V 

C SDH 


SO 

zxzz 

IX_ 

IX_ 

_7 

4.5V 


( 2 ) 



An ^ Aq 





















When TMP4799C operates as the evaluator chip for TMP4720P, 
TMM323D-1 (2,048 x 8 bit) can be used as the program memory. 

The connecting method of a program memory is shown below. 


Q-f5V 


V DD 

(Open) 


Vcc 


An 

— 


V PP 


> 

O 

o 

11 

-/- 

_ K 

A 10 ^ Ao 


-/- 

-IX 

TMP4799C 

(ROM Address) 

TMM323D-1 



8 



O 7 ^ Oo 

Sr— -/- 

O 7 ^ Oo 



(instruction/ 




ROM data) 

PD/PGM 


oe7 v pp 


•cs" 

v SS 


GND 


I 


Pin Names of 
TMM323D-1 

Pin Names of 
TMM2732D 

Connection 

PD/PGM 

CE 

No change 

CS" 

OE/Vpp 

No change 

Vpp 

A 11 

An i- s op en - 

Vpp is connected to Vjy£). 


TMP4799C used with TMM2732D, in which the program is written 
in the range of addresses 000 - 7FF, operates the same as TMP4720P 
when the connecting method shown below is adopted. 
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TLCS-47(C) 

•TMP47C40P 
•TMP47C20P 
•TMP47C41P 
•TMP47C21P 
•TMP47C22F 




INTEGRATED CIRCUIT 



TECHNICAL DATA 


TOSHIBA MOS TYPE DIGITAL INTEGRATED CII 

TMP47C40P, TMP47C41P 
TMP47C20P, TMP47C21P 

SILICON MONOLITHIC SILICON GATE CMOS 



CMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47C) 
TMP47C40P, TMP47C20P, TMP47C41P, TMP47C21P 


GENERAL DESCRIPTION 

The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for the general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with 
advanced and complicated applications, which will be made in near future. 
In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 

The TMP47C40P and TMP47C20P are the standard chips for the TLCS-47C. 
These chips are similar to each other, except memory capacity. And in the 
case of high breakdown voltage output type, production part’s number is 
TMP47C41P or TMP47C21P. The TMP4700C (NMOS) is an evaluator chip used 
for the system development. 


Part No. 

ROM (Bit) 

RAM (Bit) 

TMP47C40/41P 

4,096 x 8 

256 x 4 

TMP47C20/21P 

2,048 x 8 

128 x 4 

TMP4700C 

Externally provided 
(4,096 x 8) 

256 x 4 
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FEATURES 


• 4-bit single chip microcomputer with built-in 

ROM, RAM, input/output port, divider, timer/counter, and serial port. 

• Instruction execution time: 4ys (at 4 MHz clock) 

• Effective instruction set 

90 instructions, software compatible in the series 

• Subroutine nesting: Maximum 15 levels 

• 6 interrupts (External: 2, Internal: 4) 

Independently latched control and multiple interrupt control 

• Input/output port (35 pins) 

Input 1 port 4 pins 

Output (corresponding to PLa) 2 ports 8 pins 

I/O 4 ports 16 pins 

I/O (Note) 2 ports 7 pins 

Note: These I/O ports are also used for the interrupt input, timer/ 

counter input, and serial port; therefore, it is programmably 
selectable for each application. 

• PLA data converting function (Instruction) 

Output of data to output port (8-bit) 

• Table look-up and table search function (Instruction) 

Table can be set up in the whole ROM area. 

• 12-bit timer/counter (2 channels) 

Event counter, timer, and pulse width measurement mode is programmably 
selectable. 

• Serial port with 4-bit buffer 

Receive/transfer mode is programmably selectable. 

External/internal clock and leading/trailing edge mode are programmably 
selectable. 

• 18-stage divider (with 4-stage prescaler) 

Frequency applied for timer interrupt of divider is programmably selectable. 

• High breakdown voltage output (20 pins) 

Maximum rating 42V, FL tube direct drive is available. 

• Hold function 

Battery operation/condenser backup is available. 

• On chip oscillator 

• TTL/CMOS compatible 

• +5V single power supply 

• 42-pin DIL plastic package 
f Si-gate CMOS LSI 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP47C40P, TMP47C41P 
TMP47C20P, TMP47C21P 


PIN CONNECTIONS (Top View) 



r 61 C10 
R 62 Ell 

r 63 C 12 
R70 E 13 

R7 E14 
R 72 E15 

R 73 E 16 

PIOEIV 

Puds 

Pl 2 E19 

Pistzo 

V DD E21 


3v DD _ _ 

3r 92 (sck) 

3r 9 i(so) 



PIN NAMES AND PIN DESCRIPTION 


Pin Name 

No. of 
pins 

Input/Output 

Function 

K 0 3 ^ K 0 0 

4 

Input 

Input port 

P 1 3 ^ P 10 

4 

Output 

Output port (Corresponding to PLA) 

P 2 3 ^ 0 

4 

Output 

" ( ) 

R<4 3 ^ R-4 0 

4 

I/O 

I/O port 

R 5 3 ^ R 5 0 

4 

I/O 

11 

R 63 ^Reo 

4 

I/O 

u 

R 73 ^Ryo 

4 

I/O 

" 

R 8 3 (Tl) 

1 

I/O 

I/O port or timer/counter input 

R 82 (INTI) 

1 

I/O 

I/O port or interrupt input 

R.i (T2) 

1 

I/O 

I/O port or timer/counter input 

R 80 (INT2) 

1 

I/O 

I/O port or interrupt input 

R 92 (SCR) 

1 

I/O 

I/O port or shift clock for serial port 

R 91 (SO) 

1 

I/O 

I/O port or serial output 

R 90 (SI) 

1 

I/O 

I/O port or serial input 

XiN, XOUT 

2 

Input,Output 

Resonator connection terminals 

RESET 

1 

Input 

Initialize signal input 

HOLD 

1 

Input 

Hold signal input 

TEST 

1 

Input 

(Low level is input.) 

VDD 

1 

Power Supply 

+5V 

vss 

1 

Power Supply 

OV 
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t5 Toshiba 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47M0P, TMP47C41P 
TMP47C20P, TMP47C21P 



BLOCK DIAGRAM 


RESET 

TEST 

XlN 

XOUT 



&&&&& & P4 


BLOCK NAMES AND DESCRIPTION 


Block Name 

Function 

PC 

Program counter (12 bits) 

ROM 

Program memory (including fixed data) 

IR, decoder 

Instruction register, Decoder 

HR, LR 

H register (page assignment of RAM), L register (address 
assignment in RAM page), (each 4-bit register) 

RAA 

RAM address buffer register (8 bits) 

RAM 

Data memory 

STACK 

Save area of program counter and flags (RAM area) 

SPW 

Stack pointer word (RAM area) 

DC, data table 

Data counter (12 bits, RAM area). Data table (ROM area). 

AX, AY 

Temporary register of ALU input 

ALU 

Arighmetic and logic unit 

AC 

Accumulator 

FLAG (CF,ZF,SF, 
GF) 

Flags 

K, P, R 

Ports 

INTR control 

Interrupt control 

(EIF: Enable interrupt master F/F, EIR: Enable interrupt 
register) 

FD 

Frequency divider (4-stage prescaler + 18 stages) 

TCl, TC2 

12-bit timer/counter 2 channels (RAM area) 

TC control 

Timer/counter control 

SIO control 

Serial port control 

HOLD control 

Control for hold function 

SYS control 

Generation of various internal control signals 

CG, TG 

Clock generator, Timing generator 
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1. System Configuration 

1. Program Counter (PC) 

2. Program Memory (ROM) 

3. H Register (HR), L Register (LR), RAM Address Buffer Register (RAA) 

4. Data Memory (RAM) 

(1) Stack (STACK) 

(2) Stack Pointer Word (SPW) 

(3) Data Counter (DC) 

5. ALU, Accumulator (AC) 

6. Flags (FLAC) 

7. Ports (PORT) 

8. Interrupt Control Circuit (TNTR) 

9. Frequency Divider (FD) 

10. Timer/Counter (TC]_, TC 2 ) 

11. Serial Port (SIO) 

12. Hold Control Circuit (HOLDC) 

Concerning the above component parts, the configuration and functions of 
hardwares are described : 

Hexadecimal notation is used for the description, charts, and tables in order 
to indicate the address and the like, without assigning identification symbols 
as far as it does not give rise to confusion. 


The following names and symbols are used unconsciously. 


(a) CPU 


(b) 

(c) 

(d) 

(e) 


CP 


f c 


MSB/LSB 

F/F 


Control Processing Unit except for the built-in peripheral 
circuitry, such as interrupt control circuit, timer/counter, 
and serial port. 

Clock pulse generated in the clock oscillator. 

It is called the "basic clock" or merely "clock". 

Indicates the frequency of the clock oscillator, namely, the 
frequency of the basic clock. 

Indicates Most/Least Significant Bit. 

Indicates Flip/Flop. 
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1.1 Program Counter (PC) 

It is a 12-bit binary counter, and the contents of the program counter 
indicate the address of program memory in which the next instruction to be 
executed is stored. 

The program counter generally gains increment at every instruction fetch by 
the number of bytes assigned to the instruction. However, when executing 
the branch and subroutine instructions or receiving the interrupt, the 
values specified by these instructions and operation are set. 

Value "0" is specified by initializing the program counter. 

The page structure of program memory is made with 64 words per page. 
The TMP47C40P has 64 pages and the TMP47C20P 32 pages. 

At the execution of (BSS a) instruction, the value assigned by the 
instruction is set in the lower 6 bits of the program counter when the 
branch condition is met. That is, the (BSS a) instruction is used as a 
branch or jump instruction within a page. If the (BSS a) instruction is 
stored in the last address of the page, the value in the higher 6 bits 
of the program counter indicates that the branch or jump instruction, to 
the next page is executed. 

At the execution of (CALL a) instruction, the value specified by 
the instruction is set in the program counter after the. previous contents 
of the program counter has been saved in the stack. Since 11 bits are 
of the address bit length which can be assigned by the instruction, the 
call address of subroutine should be in the range of addresses 000 - 7FF. 
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Page assignment Address assignment in page 

(a) Configuration of Program Counter 



(b) Configuration of ROM 



(c) Special example of branch caused by (BSS a)instrustion. 
Fig.l.l.l~_ Program Countei and Program Memory (ROM) 
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Processing programs and fixed data are stored in the program 
memory. The next instruction to be executed is read out from the 
address indicated by the contents of the program counter. 


The fixed data stored in the program memory can be read by 
using the ROM data referring instruction or the PLA referring 
instruction. The ROM data referring instruction reads out the 
higher or lower 4-bit data of the fixed data stored in the address 
decided by the data counter [(LDH A, @DC+) and (LDL A, @DC) in¬ 
struction respectively], and stores the data in the accululator. 
The PLA referring instruction (0UT.B @HL) reads out the fixed data 
(8-bit) stored in the address decided by the contents of the data 
memory indicated by the contents of H and L registers as well as 
contents of the carry flag, and outputs the data to output ports 
(P2 • PI). 


Addresses are individually assignged to the program memory and 
data memory, so that the fixed data in the ROM area cannot be directly 
read out by the address of the data memory. 


Specific Addresses of Program Memory 


The following addresses of the program memory are used for 
specific purposes. When not used for these purposes, the specific 
addresses can be used to store the processing programs and fixed data. 
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^asiuba 


INTEGRATED CIRCUIT 


TMP47C40P 

TMP47C20P 


TECHNICAL DATA 


Specific Address 

Specific Purposes 

000 

(001) 

Start address by initialization 

... 

002 

(003) 

INTI Interrupt vector address 

004 

(005) 

ISI0 Interrupt vector address 

006 

(007) 

I0VF1 Interrupt vector address 

008 

(009) 

IOVF2 Interrupt vector address 

00A 

(00B) 

ITMR Interrupt vector address 

OOC 

(00D) 

INT2 Interrupt vector address 

8n + 6 


(n = 1VL5) 

Call address by instruction (CALLS 

086 (Note) 


FEO 


A 

PLA data conversion table 

FFF j 



Note : 086 (hexadecimal) = 134 (decimal) 


Table 1.2.1 Specific Address of Program Memory 





The TMP47C40P and TFP47C20? contain a program memory with ^,096 x8-bit 
(addresses 000 - FFF) capacity and 2,048x 8-bit (addresses 000 - 7FF) capacity, 
respectively. But the TMP47C2P? contains a program counter with 12-bit length. 
Therefore, when one of addresses 800 - FFF is accessed in a program, the ROM 
data corresponding to addresses 000- 7FF read out. It is because there is 
no physical ROM in addresses 800-FFF, but the MSB in the program counter is 
not decoded. For example, when the data located in address FF3 is output to 
a port by the PLA referring instruction on a program, the data located in 
address 7F3 is read out. In the TMP47C20P, the PLA data conversion table 
(addresses FE0 - FFF) is, therefore, located in addresses 7E0 - 7FF. 

"0" [(NOP) instruction] is read out for the ROM data within the range 
of the built-in ROM capacity, if it is not specified by the user. 

Address ROM Address ROM 



(=7FF) 


(TMP47C40P) (TKP47C20P) 

Fig. 1.2.1 ROM Capacity and Address 
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1.3 H Register (HR), L Register (LR), and RAM Address Buffer Register (RAA) 

The H and L registers are 4-bit registers used as the data 
memory address pointers or general purpose registers. 

The page structure of the data memory is based on 16 words per 
page. Pages are specified by H register, and addresses in page are 
done by L register, respectively. TMP47C40P has 16 pages and TMP47C20P 
8 pages. 

The L register is also used to specify the bits corresponding to 
pins ^ 73^^40 °f t * ie I/O P ort when instructions (SET @L) , (CLR @L) , 
and (TEST @L), are executed. 

The RAM address buffer register is a temporary register used to 
specify the address in the data memory, and serves as an input of the 
RAM address decoder. Normally, the data specified by the contents 
of the H and L registers or immediate data of an instruction is fed 
into the RAM address buffer register. 
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1.4 Data Memory (RAM) 

The processing data of user are stored in the data memory. 

The data is read out or written in according to the address indicated 
by the contents of the RAM address buffer register. 


Specific addresses of data memory| 

The data memory is also used for the following specific purposes. 
When it is not used for the respective purposes, the RAM of the 
corresponding address can be used to store the user processing data. 


(1) 

Stack (STACK) 


(2) 

Stack pointer 

word (SPW) 

(3) 

Data counter 

(DC) 

(4) 

Timer/Counter 

(TCI, TC2) 

Stack 

: (STACK) 



The stack, which is contained in the data memory (one level of 
the stack consists of 4-word RAM), is area to save the contents of 
the program counter (return address) and flag prior to jumping to the 
processing program at time of subroutine call or interrupt acceptance. 
To return from the processing program, (jRET) instruction is used to 
restore the contents saved in the stack to the program counter, and 
(RETI) instruction is used to restore the contents saved in the stack 
to the program counter and flags. 

The location of the stack to save/restore the contents is deter¬ 
mined by the stack pointer word, which is automatically decremented 
after the saving operation, and incremented prior to the restoring 
operation. 
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(2) Stack Pointer Word (SPW) 

The address FF in the data memory is called a stack pointer 
word and decides the stack pointer. The stack is contained in the 
RAM, and accessed by the stack pointer. 

The stack pointer is decided with the format shown in Fig. 1.4.1, 
but this address indicates the lower RAM address in each level of the 
stack. 

Values "E" - "0” can be assigned for the stack pointer word, so 
that the maximum of 15 nesting levels are available for the stack. 
However, when the timer/counter mentioned following is used, the level 
containing the RAM address corresponding to the timer/counter cannot 
be used for the stack (value "F" is not assigned to the stack pointer 
word, because the stack contains the RAM address corresponding to the 
stack pointer word). The stack pointer word is automatically updated 
by the subroutine call or interrupt acceptance; however, it cannot 
exceed the allowable size of the stack for the system configuration. 

Since the stack pointer word is never initialized in terms of 
hardware, it is necessary to set it to the highest possible level of 
the stack in the user's initialization prpgram. For instance, it is 
set to "C" level when the two channels of timer/counter are used. 


Note: The ’'level” indicates the depth of the nesting in the stack as 

well as the location of the next available stack. That is, it 
represents the contents of the stack pointer word. 
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(b) Stack pointer and stack pointer word 


Address 



( c ) Structure of stack 

Fig. 1.4.1 Specific Address and Stack of Data Memory 
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Data counter is a 12-bit binary counter used to specify the 
address when the data table in the ROM area is referred (ROM data 
referring instruction). 

The RAM address with 4-bit unit is allocated to the data counter, 
so that the initial value setting and the content reading of the data 
counter can be executed by the RAM manipulative instructions. 


MSB LSB 


(Data Counter) 


D 

C 

dc h 

J DCj^ 

| dc l 

(RAM Address) 

(FE) 

(FD) 

(FC) 


Fig. 1.4.2 Data Counter and RAM Address 


(4) Timer/Counter (TCI, TC2) 

The two channels of 12-bit timer/counter are built-in, and the RAM 
address with 4-bit unit is allocated to the timer/counter, so that the 
initial value setting and the content reading of the timer/counter can 
be executed by the RAM manipulative instructions. 

When the timer/counter 1 is not used, the stack lower from level 13 
can be used. When both of the timer/counter 1 and 2 are not used, the 
stack lower from level 14 can be used. 


(Timer/Counter 1) 
(RAM Address) 


(Timer/Counter 2) 
(RAM Address) 


MSB 


LSB 

TC! ] 

tci h 

1 TC1« 

tci l ] 

(F6) 

(F5) 

(F4) 


MSB 


LSB 

! TC2 1 

! TC2 H 

1 TC2 M 

TC2 L j 

(FA) 

(F9) 

(F8) 


Fig. 1.4.3 Timer/Counter and RAM Address 


(5) Page 0 in Data Memory 

Page 0 in the data memory (addresses 00 - OF) is effectively used 
as a flag or pointer in a user’s program. 
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Data memory contained in TMF47C4(ip has a 256 x 4-bit (addresses CO - 
FF) capacity, and that contained in ,; M?47C20P lias a 12'.' x 4-bit (addresses 
00 - 7F) capacity. 


Since the TMP47C20? also has the RAM address buffer register of 8-bit 
length, there is no physical RAM in addresses 80 - FF in the TM?47C20 p. 
However, the RAM equivalent to addresses 00 - 7F are referred when addresses 
80 - FF are accessed in a program, because the MSB of RAM address buffer 
register is not decoded. That is, the specific RAM address is distributed 
to CO - FF in a program, but the RAM equivalent to addresses 40 - 7F are 
assigned in the TMP47C20P. 

Address RAM Address RAM Address RAM 



(TMP47C40P) (TMP47C20?) 


(a) RAM Capacity and Address (b) RAM Map example of TMP47C20P 

.TCi, TC 2 and stack. 
v 5 level are used. 

Fig. 1.4.4 RAM Capacity and Address 
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The ALU is a circuit used for various arithmetic and logical 
operation for 4-bit binary data. It performs the operation designated 
by the instruction, and outputs the 4-bit result, carry (C), and 
zero detection signal (Z). 

The accumulator is a 4-bit register to use a source operand 
for the arithmetic operation, and in which the result is stored. 



MSB LSB 

3 2 10 

(Accumulator) i 


Fig. 1.5.1 ALU, Accumulator 


Detection of operating condition 

Output C from the ALU indicates the carry output from the most 
significant position in the addition operation. 

However, the subtraction is executed with the addition of the 2's com¬ 
plement, so that output C in the subraction operation indicates the 
"non-borrow" from the most significant position (ile., in case of non- 
borrow, C = "1"). Accordingly, borrow (B) can be represented with "C". 

Output Z indicates the zero detection signal to which M 1 M is applied 
when all of the 4-bit data transferred to accumulator or output of the ALU 
are cleared to zero. 
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Example (4-bit operation) 


(a) 

4 

+ 5 = 9 

(C = 

o. 

Z = 0) 

(b) 

7 

+ 9 = 0 

(C = 

1, 

z = 1 ) 

(c) 

3 

-1 = 2 

(B = 

0, 

Z = 0) 

(d) 

2 

-2 = 0 

(B = 

o, 

z = 1 ) 

(e) 

6 

- 8 = -2 or E 

(B = 

1, 

z = 0 ) 



Note : B = C is 

indicated. 




1.6 Flag (FLAG) 

Flag is a 4-bit register used to store the condition of arith¬ 
metic operation, and of which the set/reset conditions are specified 
by the instruction. The flag consisting of CF, ZF, SF, and GF is 
saved in the stack when the interrupt is accepted. By executing the 
(RETI) instruction, it is restored from the stack to the conditions 
immediately before the interrupt is accepted. 


3 2 10 



Fig. 1.6.1 Flag 


(1) Carry Flag (CF) 

This flag is used to hold the carry in the addition operation 
as an input to the ALU by the (ADDC A, @HL) instruction as well as 
to hold the non-borrow in the subtraction operation (the carry in the 
addition of the 2's complement) as an input to the ALU by the 
(SUBRC A, @HL) instruction. The rotate instruction makes the flag 
hold the data shifted out of the accumulator. 
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(2) Zero Flag (ZF) 

This flag is stored the zero detection signal (Z) when the 
instruction designate to change. "1" is set if all 4 bits are cleared 
to zero by an arithmetic operation or data processing. 

(3) Status Flag (SF) 

This flag is set or reset according to the condition specified 
by the instruction. With the exception of particular cases, it is 
usually presented at every execution of an instruction, and holds 
the contents of the result during execution of the next instruction. 

It is normally set to "1", but is reset to "0" for a time under the 
certain condition (it varies according to the instruction, for ex¬ 
amples, when the result is zero, when carry occurs in the addition, 
or when borrow occurs in the subtraction, the flag is reset). 

The status flag is referred to as branch condition in a branch 
instruction. The memory location is branched when this flag is set 
to "1"; therefore, normally the branch instruction can be required 
as "unconditional jump instruction". On the contrary, the instruction 
becomes a "conditional instruction" if it is executed immediately 
after loading the instruction to set/reset the status flag according 
to the condition determined by some previous instruction. 

The status flag is initialized to "1" at initialization, 
and is also set to "1" after the contents have been saved in the 
stack when the interrupt is accepted. The contents saved in the 
stack is restored by the (RETI) instruction. 

(4) General Flag (GF) 

This is a single-bit general purpose flag, being set or reset, 
and also used in a test by a program. This can be used for any 
purpose in the user program. 


394 



1.7 Port (PORT) 

Data transfer to/from the external circuitry, and command/ 
status/data transfer between the built-in periferal circuitry 
are carried out by the input/output instructions. 


(a) Input/Output port : Data transfer to/from external circuitry. 

(b) Command/data output : Control of circuitry of built-in 

peripheral circuitry, and output of data. 

(c) Status/data input : Input of status signal(Note) anc j data from 

the built-in peripheral circuitry. 

Note : Status signal is provided from serial port and hold 

control circuit, and is different from the status flag (SF). 


To transfer the data or to control the circuitry, each port 
or register is selected by designating the address (Port address) 
by input/output operational instructions (13 instructions) in the 
same way as the memory. 

The port address is composed of 5 bits (addresses 0 - 31). 

The address to be accessed differs according to a instruction. 

By way of caution, the port address space is independent of the 
program memory address space and the data memory address space. 

Every output port contains a latch in order to hold the output 
data. Since every input port is operated without latching, it is 
desired to externally hold the data to be input from the external 
devices till the data is completely read out, or to read the data 
several times to confirm the contents. 

The details to specify the input/output circuit format of ports 
and initialization of the output latch are 2.6 (2) Input/Output Circuit 
Format. 
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Port 

Symbol 

ad- 

(Input/ 

dress 

Output) 

00 

IPOO/OPOO 

01 

IP01/OP01 

02 

IP02/OP02 

03 

IP03/OP03 

04 

IP04/OP04 

05 

IP05/OP05 

06 

IP06/OP06 

07 

IP07/OP07 

08 

IP08/OP08 

09 

IP09/OP09 

0A 

IP0A/OP0A 

0B 

IP0B/OP0B 

OC 

IP0C/OP0C 

0D 

IP0D/OP0D 

0E 

IP0E/OP0E 

OF 

IP0F/OP0F 

10 

/OP 10 

11 

/OP11 

12 

/OP 12 

13 

/OP 13 

14 

/OP 14 

15 

/OP 15 

16 

/OP 16 

17 

/0P1 7 

18 

/OP 18 

19 

/0P19 

1A 

/0P1A 

IB 

/OP1B 

1C 

/0P1C 

ID 

/OP ID 

IE 

/OP IE 

IF 

/0P1F 


Port, Register 
(Input/Output) 


K 0 Input port /-. ~——. 
Pi Output latch/ p 0 r t PU 


/Pa 


R*. 

R 5 

r 6 

r 7 

Re 

R 9 


I/O port 


Status input/ 
(*) / 


(**) 


/ (a) 

/P 2 *Pi output port 

(8-bit output) 

/ - 

/ - 

/ - — 

/ - 

/ - 

/ - 

/ - 

/ (b) 

/ - 

/ - 

/ (c) 

/ w 

/ (e) 


Input/Output Instructions j 







SET @L 

IN %P, A 

OUT A ,%P 



SET%P,b 

TEST %P,b 

CLR @L 

IN %P,@HL 

OUT0HL,%P 

OUT #K, %P 

OUTB @HL 

CLR%P,b 

TESTP%P,b 

TEST @L 

0 





0 


0 

0 

0 


0 

0 


0 

0 

0 


0 

0 


0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 


0 

0 


0 

0 

0 


0 

0 


( *) Serial buffer registe 

r (Recept 

ion) 



(**) Serial buffer register (Transmission) 



0 





0 


0 

0 

0 








0 


-- 1 

1 


(a) Hole 

control 






(b) Control with timer interrupt of 

divider 



(c) Timer/Counter 

1 control 





0 






(d) Timer/Counter 

2 control 




(e) Serial port control 






0 







0 







_ ? _ 








n 

x 

z 

n 

> 

r— 

Q 

> 


Note 1: Inputs (IP10 - IP1F) of port addresses 10 - IF remain undefined. 

Note 2: Port addresses with "-" mark are reserved addresses and cannot be used at user's program. 

Note 3: 0P11 is automatically accessed by (OUTB @HL) instruction, but cannot be done by the instructions 
other than this one. 

Table 1.7.1 Port Address Allocation and Input/Output Instructions 


—1 

—\ 



~o 

~TD 

JS=r 

-tr 

*■">! 


r~> 

CD 

NJ 

-Cr 

CD 

CD 

“O 

~o 










(1) Kq (K 03 ^Koo) Port 

This is a 4-bit port used for input. 


Input data •-<l-□ (Pin) 


MSB LSB 

3 2 10 


Ko3 

Kq 2 

Koi 

Koo 


Fig. 1.7.1 K 0 Port 


(2) Pi (Pi3^Pio), ?2 (P23 %P 20) Port 

These ports are 4-bit ports with a latch used for 
output. The latch data can be read by the instruction. 

These two ports can independently access by specifying port ad¬ 
dresses IP01/0P01, and IPO2/OP02. In addition, they can output 8-bit 
data by the (OUTB @HL) instruction. 

PLA data conversion 

A hardware PLA is not contained in the system; however, the func¬ 
tion equivalent to it can be performed by access to the PLA data con¬ 
version table provided in the ROM by use of the (CUTB @HL) instruction. 

The PLA referring instruction (OUTB @HL) : This instruction reads out 
the 8-bit data stored in the program memory, whose address is determined 
by the contents of the data memory indicated by the contents of the H and 
L registers as well as the contents of the carry flag, and outputs the 
data to 8-bit ports P2 and PI. At this time OPll is automatically 
selected as the port address. 
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Ports PI and P2 are capable of reading the latch data by the 
instruction, so that the data output by the PLA referring instruc¬ 
tion can be qualified or modified; that is, the convert pattern can 
be changed or the numbers of pattern will be increased. 

MSB LSB 



7 

6 

5 

4 

3 

2 

1 

0 

Conversion data j 

P 23 

P 22 

P 21 

P 2 o 

Pi 3 

P 12 

Pll 

P 10 


Input data 
Output data 



Latch | 

L 

r 



r 1 


-t>—□ (Pin) 


Fig. 1.7.2 Pi and P 2 Ports 


(3) R 4 (R 43 ^ R 40 ) » R 5 ( r 53 ^ R 50) > R 6 ( r 63 ^ R 60) > R 7( R 73^ R 70) Port 

Each of these ports is a 4-bit I/O port with a latch. The 
latch should he set to " 1 " when the port is used as an input port. 

(But, these ports are only used to output ports with some input/output 
circuits.) 

Pins R 73 -R 40 can be 
used for bit scanning for 
set/reset and test accord¬ 
ing to the contents of the 
L register by executing 
the (SET @L), (CLR @L) and 

(TEST @L) instructions. 

Table 1.7.2 shows the pins 
corresponding to the con¬ 
tents of the L register. 

Table 1.7.2 Correspondence of Individual 

Bits of L Register and I/O Port 


L register 

Correspond¬ 
ing Pin 

L register 

Correspond¬ 
ing Pin 

3 

2 

LL 

0 

3 

2 

1 

0 

0 

0 

0 

0 

R40 

1 

0 

0 

0 

Ho 

0 

0 

0 

1 

r 41 

1 

0 

0 

1 

r 61 

0 

0 

1 

0 

r 42 

1 

0 

1 

0 

R 62 

0 

0 

1 

1 

r 43 

1 

0 

1 

1 

r 63 

0 

1 

0 

0 1 

r 50 

1 

1 

0 

0 

r 70 

0 

1 

0 

1 

r 51 

1 

1 

0 

1 

r 71 

0 

1 

1 

0 

R52 

1 

1 

1 

0 

r 72 

0 

1 

1 

1 

r 53 J 

1 

1 

1 

1 

R 73 
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Input data 
Output data 


Latch 




-Q (Pin) 


Note : For bit set/reset of port, 

latch output serves as input data. 


Fig. 1.7.3 R 4 ^ R 7 Ports 


(4) Rg (Rgg ^ Rg 0 ) Port 

This is a 4-bit I/O port with a latch. The latch should be set 
to " 1 ” when the port is used as an input port. 

It is a port common to external interrupt input or external timer/ 
counter input. When it is driven by the external circuitry, such as 
external interrupt input or external timer/counter input, the latch 
must be set to "1". When it is used as normal I/O port, some measures, 
such as inhibition of the external interrupt input acceptance or disable 
of the mode depending on the external input of the timer/counter should 
be taken in a program. 


(Note) When pin Rg2 (INTI) is used as a port, INTI interrupt request 
takes place because the falling edge of the pin input/output 
is detected (interrupt enabling master F/F is normally set to 
"l”). This causes the CPU to process a dummy interrupt 
acceptance [e.g. the (RETI) instruction only is executed]. 
When pin RgQ (INT2) is used, INT2 interrupt request also 
takes place in the same manner as the case of pin Rg 2 » but 
the interrupt request is not accepted by merely resetting 
the LSB (EIRo) of the enable interrupt register to ”0" in 
advance. Therefore, the above processing is not required. 
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MSB LSB 

3 2 1 0 


Ra 3 

R 8 2 

Re 1 

Re 0 

(Tl) 

(INTI) 

(T2) 

(INT2) 


Control input 
Input data 

Output data 


■{latch 


Note 


[> 


-□ 


(Pin) 


Note: For bit set/reset of port, latch 
output serves as input data. 


Fig. 1.7.4 R 8 Port 


(5) R9 (R 92 ^ R 90 ) Port 

This is a 3-bit I/O port with a latch, and the latch must be 
set to "l" when it is used as input port. 

The R 9 port is also used as serial port. The latch must be set to 
M l" when R 9 port is used as serial port. The port used as normal 
I/O port is not entirely influenced by disabling the serial port. 
Pin R 93 is not mounted in the port, but "1" is read by accessing to 
pin R 93 in a program. 


MSB LSB 


3 

2 

1 

0 


R 9 2 

R. 1 

R 90 


(SCK) 

(SO) 

(SI) 


Serial control 
Input data 

Output dara 

Serial control 


jLatch 


-<1—1 

- « — 

Note 

jD-Ohd <~> 

Note! For bit set/reset of port, latch 
output serves as input data. 


Fig. 1.7.5 R 9 Port 
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Interrupt factors are composed of two from the external 
circuitry, and four from the internal circuitry. By setting the 
interrupt latch provided for each factor, an interrupt request is 
generated to the CPU. The interrupt latch is set when the edge of 
the input signal is detected. 

The interrupt request is not always accepted by the CPU if 
generated. It is not accepted till the priority in the six factors 
determined according to the hardware and the enabling/disabling 
control by the program become all affirmative. 

In order to control enabling/disabling of interrupt by the 
program, an F/F (EIF) and a 4-bit register (EIR) are provided. 

By using these means, preferential acceptance of the interrupt 
factors by the program, and multiple interrupt control can be 
realized. 
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Factor 

Priority 
according 
to hardware 

Interrupt 

Latch 

Enable con¬ 
dition accord¬ 
ing to program 

Vector 

Address 

External interrupt 1 (INTI) 

(Higher) 

1 

INTL 5 

(Note 1) 

EIF = 1 

002 

Internal interrupt 

Serial 

Input/Output (ISIO) 

interrupt 

2 

intl 4 

EIF* EIR 3 = 1 

004 

Timer counter 1 

Overflow (I0VF1) 

interrupt 

3 

intl 3 

EIF-EIR 2 = 1 

006 

Timer counter 2 

Overflow (I0VF2) 

interrupt 

4 

intl 2 

i 

(Note 2) 
EIF-EIRj = 1 

008 

Timer interrupt 

(ITMR) 

of divider 

5 

INTLjl 

(Note 2) 
EIF-EIRi = 1 

00A 

External interrupt 2 (INT2) 

6 

(Lower) 

INTLq 

EIF-EIRq = 1 

00c 


Interrupt enabling master F/F Interrupt enabling register (EIR) 



MSB 

3 

2 

1 

LSB 

0 

EIF 


EIR3 

eir 2 

EIRj 

E!R 0 


(Note 1) Since EIR register cannot make disabling of the INTI 

interrupt, this interrupt is always accepted under the 
interrupt enabled condition (EIF = 1). Therefore, this 
should be used for the interrupt requiring the first 
priority such as emregency interrupt. 

(Note 2) The given acceptance condition by the program is the same 
in I0VF2 and ITMR; accordingly, the action of these inter¬ 
rupts to the acceptance/inhibition control is the same. 

Table 1.8.1 Interrupt Factors 
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Instruction 
4 cycle _ + _ 


INT2 


\ 


ITMR 


/ 


INTLj _ [ 

INTLQ _ f 


EIF 


\ 


\ 


-x-X---X-X-X-x— 

Execution of Interrupt accept- Execution of 00A Execution of 

instruction ance processing address instruc- instruction 

tion (Jump in¬ 
struction) 

Note: On the assumption that EIRi= 1, without other interrupt requests 


Fig. 1.8.2 Interrupt Acceptance Timing Chart (Example) 






(1) Interrupt processing 

The interrupt request signal to be sent to the CPU is held by 
the interrupt latch till the request is accpeted or the latch is 
reset by the initialization operation or instruction. 

The processing for the interrupt acceptance is performed 
within two instruction cycle time after the completion of the ex¬ 
ecution of. instruction (after the completion of the timer/counter 
processing if it is required). 

The following operations are performed by the interrupt service 
program. 

© The contents of the program counter and flag are saved in the 
stack. 

© The vector address is set to the program counter according to 
the interrupt factor. 

(A jump instruction to each interrupt service program is usually 
stored in the program memory corresponding to the vector 
address.) 

(5) The status flag is set to "1". 

© The interrupt enabling master F/'F is reset to "0" to inhibit 
the subsequent interrupt acceptance for a time. 

© The interrupt latch of the accepted interrupt factor is reset 
to "0". 

© The instruction stored in the vector address is executed. 

The interrupt service program terminates after the execution of the 
(RETI) instruction. 

The following operations are performed by the (RETI) instruction. 
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(1) The contents of the program counter and flag are restored out 
of the stack. 

(2) The interrupt enabling master F/F is set to "1". 

When the multiple interrupt is accepted, the interrupt enabling 
master F/F should be set by the instruction. At this time, the enabl¬ 
ing/disabling for each interrupt factor can be changed by updating 
the interrupt enabling register by the (XCH A, EIR) instruction. 

The program counter and flag are automatically saved/restored in 
the interrupt processing. However, if saving/restoring of the ac¬ 
cumulator and other registers is necessary, it should be designated 
by a program. 

(2) Interrupt control by program 
EIF 

This is an enabling interrupt master F/F. Interrupt is put in 
the interrupt acceptance enabling state by setting the EIF to "1". 

It is reset to "0" immediately after having accepted an interrupt to 
inhibit the subsequent interrupt acceptance for a time, but is set 
to "1" again by the (RETI) instruction after the completion of the 
interrupt service program to return the enable state again. And then 
the other interrupt can be received. 

The EIF can be set/reset in a program by using the (EICLR IL,r) 
and (DICLR IL, r) instructions. It is reset to "0" at initialization 
operation. 

EIR register 

This is a 4-bit register used for selection/control of enabl¬ 
ing/disabling of the interrupt acceptance in a program. 
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Read/write operation is performed by use of the (XCH A, EIR) 
instruction. It is set to "0" at the initialization operation. 


Interrupt latch 

The interrupt latches (INTL 5 - INTLq) provided for each inter¬ 
rupt factor are set by the rising edge of the input signal if the 
interrupt is caused by the internal factors, and are set by the 
falling edge of the input pin if it is caused by the external fac¬ 
tors. Then, interrupt request signal is sent to the CPU. The 
interrupt latch holds the signal till the interrupt request is ac¬ 
cepted, and is reset to " 0 " immediately after the interrupt has been 
accepted. 

Since the interrupt latch can be reset to "0" by the (EICLR 
IL, r), (DICLR IL, r) and (CLR IL, r) instructions, the interrupt 
request signal can be initialized by a program. The latch is reset 
to " 0 " at the initialization operation. 


1.9 Frequency divider (FD) 

The divider (FDi - FD-^g) is made up 18-stage binary counter, 
and its output is used to generate various internal timing. 

The basic clock (fc Hz) is divided into sixteen by the timing 
generator and input to the divider; therefore, the output frequency 
at the last stage is fc/ 2 ^ Hz. 

It is reset to "0" at the initialization operation. 

Timer Interrupt of divider (ITMR) 

The divider is capable of sending the interrupt request for a 
certain frequency. Four different frequencies can be selected 
for timer interrupt by instructions. 
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INTEGRATED CIRCUIT 


TMP47C40P 

TMP47C20P 


TECHNICAL DATA 



The command register is accessed as port address OP19, and is reset 
to "0" at time of the initialization. 

The timer interrupt of divider is caused from the rising edge 
of the first output of the divider after the data has been written 
in the command resister. 


uasic 
clock (CP) 

Prescaler 





n 

1 


— 

— 

— 

1 

— 

— 

— 

— 

—! 

— 

(fc Hz) 

(TG) 

(fc/16 Hz) 

2 

3 

d 

5 6 

7 

8 

9 

10 

1 1 j 12 

13 

1 A 

15 

16 

L_j 

d 

18 


(fc/2 22 Hz) 


(a) Structure of frequency divider 


.Port address. 
C OP19 } 


MSB LSB 

3 2 10 


* 0 * * : 
*10 0 : 

*10 1 : 

* 110 : 
* 111 : 


*: don’t care) 
Disable 

Interrupt frequency 


fc/2 10 Hz 
fc/2llHz 
fc/2l2p z 
fc/2 13 Hz 


Interrupt fre- 

For example, 

quency (Hz) 

fc=4.194304MHz 

fc/2l0 

4,096 Hz 

fc/2H 

2,048 Hz 

fc/2 33 

1,024 Hz 

fc/2 33 

512 Hz 


(b) Command register 


Fig. 1.9.1 Frequency Divider 








1.10 Timer/Counter (TCj, TC 2 ) 

Two channels of 12-bit binary counter is contained to count 
time or event. 

Since the RAM address with 4-bit unit is allocated to the 
timer/counter, the initial value setting and the content reading 
of the timer/counter can be executed by the RAM manipulated 
instructions. 


(Timer/Counter 
(RAM Address) 


(Timer/Counter 
(RAM Address) 


MSB 


LSB 

TCI | 

TC1H 

1 TC1M 

| TC1L 

(F 6 ) 

(F5) 

(F4) 

MSB 


LSB 

TC2 | 

TC2H 

TC2M 

! TC2L 

(FA) 

(F9) 

(F8) 


Fig. 1.10.1 Timer/Counter 


(1) Timer/Counter Control 

The timer/counter is controlled by the command specifying 
the operation mode. The command register for the timer/counter 
1 and timer/counter 2 is accessed as port addresses 0P1C and 
0P1D, respectively. It is reset to ”0" at the initialization 
operation. The count operation is started from the first rising 
edge of the count pulse applied by setting the value (mode) to 
the command register. 

When the timer/counter is not used, the RAM addresses 
corresponding to the timer/counter can bp used to store the 
user processing data by selecting the "disable" state. In the 
timer mode, the external input pins can be used as I/O ports 
[R 83 (Tl), R 81 (T2)]. 
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TCI Command register 
(Port Address 0P1C) 


TC2 Command register 
(Port Address 0P1D) 


(a) Command register 


MSB 

3 


MSB 

3 


LSB 

0 


LSB 

0 



□ 






Selection of Count Mode 





00 : Disable state 
01 : Event count mode 

(Counts external input) 

10 : Timer mode 

(Counts internal pulse.) 

11 : Pulse width measurement mode 

(Counts the pulse obtained by 
sampling of external input by 
use of internal pulse.) 


Selection of Internal Pulse 
(Divider Output) Rate 


: fc/2 10 Hz is counted. 

: fc/2 1 * Hz is counted. 

: fc/2l8 Hz is counted. 

: fc/ 2^2 p z i s counted. 

(fc: Basic clock frequency) 


Internal Pulse 
Rate (Hz) 

Max. Setting 
Time (SEC) 

For example, fc=4.194304 MHz 

Internal Pulse 
Rate (Hz) 

Max. Setting 
Time (SEC) 

fc/ 2 10 

222 /f c 

4,096 

1 

fc/ 2 14 

2 26/ fc 

256 

16 

fc/ 2 18 

2 30 /fc 

16 

256 

fc/2^2 

234/f c 

1 

4,096 


(b) Selection of timer rate 


Fig. 1.10.2 Control of Timer/Counter 
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(2) Count Operation 

When the rising edge of the count pulse is detected, the count 
latch is set to send a count request to the CPU. 

The count operation of the timer/counter is performed requiring 
one instruction cycle time after completion of the instruction ex¬ 
ecution. The execution of the next instruction and the acceptance 
of the interrupt request are kept waiting during the operation. 

When the count request is sent from the timer/counter 1 and 2, at 
the same time, the count request of the timer/counter 1 is prefer¬ 
entially executed. 

The maximum frequency applied to the external input pin under 
the event counter mode is fc/64 Hz if one channel is used. When 
two channels are used, fc/64 Hz is applied to the timer/counter 1, 
and fc/80 Hz to the timer/counter 2. 

In the timer mode, the maximum frequency is determined by 
a command. 

The maximum frequency applied to the external input pin in the pulse 
width measurement mode should be the frequency level available for 
analyzing the count value in the program. Normally, the frequency 
sufficiently slower than the designated internal pulse rate is 
applied to the external input pin. 
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Counter n n + 1 ^ n 4- 2 n 4- 3 

(a) Event counter/timer mode 


External input pin 
Internal pulse 


_j lj i_i i_i i_i i_r~ 


Count pulse 
Counter 


_i i_i—i_j i_n_ 

n X n + 1 X n + 2 \ n + ^ y n + 4 

(b) Pulse width measurement mode 
Fig. 1.10.3 Mode and Count Value of Timer/Counter 


Decrease in execution speed of instruction due to count operation 


The CPU carries out the count operation requiring one instruction 
cycle time for the count request. Therefore, this causes the decrease 
in the apparent speed of instruction execution. Some examples are 
shown below : 

(a) In the timer mode with count pulse rate of fc/2 Hz : 

The count operation is inserted once every 6*~instruc.ti'>n 

cycle time, so that the apparent speed is decreased by 1/63=1.6% 
instruction execution speed. For example, the apparent speed is 
4 . 063 PS to 4ys instruction execution speed. 

(b) In the event count mode : 

It depends on the count pulse rate applied to the external 
input pin. In the worst case, when the timer/counter 1 and 2 
are operated at the same time with the maximum count pulse rate, 
the count operation is inserted once every 4-instruction cycle 
time for the timer/counter 1, and once every 5-instruction cycle 
time for the timer/counter 2. 
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The apparent speed of the instruction execution, therefore, de¬ 
creases by 9/11 =.82%. The apparent speed is 7.28ys to 4ys instruc¬ 
tion execution speed. 

(3) Interrupt by overflow (I0VF1, I0VF2) 

At the time when the overflov; occurs, the timer/counter gene¬ 
rates the interrupt request. 

That is, the interrupt request is generated when the count value of 
FFF is changed to 000. The counting is continued after the interrupt 
request signal is generated. Assuming that the CPU provides the 
interrupt enabling state, and that the interrupt is accepted as soon 
as the overflow interrupt has been generated, the interrupt process¬ 
ing can be performed in the sequence illustrated in Fig. 1.10.4. 


Instruction 

cycle 

Count pulse { 

Count request _| 

Detect ion of overflow _ 

Occurrence of IOVF_ 


n 


Execution 
of in¬ 
struction 


Count 

cycle 


Execution Interrupt 
of in- acceptance 

struction processing 


Execution of 

instruction 

(jump) 


Fig. 1.10.4 Timing Chart of Timer/Counter in 
Interrupt by Overflow 
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1.11 Serial Port (SIO) 

A 4-bit serial port with a buffer is provided to transfer the 
serial data from/to the external circuitry. It is connected to 
the external circuitry through three pins [R92 (SCK), R 91 (SO), R 90 
(SI)]. Since these pins are also used as port R 9 , the output latch 
of the R 9 port should be set to "1" when the serial port is used. 
When it is not used, the pins can be used as I/O port R 9 . 

Pin R 90 in the transmit mode and pin R 91 in the receive 
mode are also available as I/O port pin. 

(1) Circuit configuration 

The serial port consists of a 4-bit shift register, a 4-bit 
buffer register, and its control circuit. 

(Internal Bus) 



(Internal Bus) 


SR : 4-bit shift register SIOC : Serial port control circuit 

SB : 4-bit buffer register ^s : Internal shift clock 

ISIO : Interrupt request 

Fig. 1.11.1 Circuit Configuration of Serial Port 
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(2) Serial port control 


The serial port operation is controlled by the command. The 
command register is accessed with port address 0P1F, and reset to 
"0" at the initialization operation. The operation status can be 
informed through the status input, which is accessed with port 
address IPOE. 


Serial port com¬ 
mand register 
.Port address,. 
^OPIF ' 


Serial port 
status input 
.Port address, 
'IPOE ' 


MSB 

3 

2 

1 

LSB 

0 

ESIO 

RM 

LM 

ECKM 


' 1 
.0 


MSB 

3 

2 

1 

LSB 

0 

SIOF 

SEF 

I * I 

GD 



Serial transfer enable or 
start request. 

Serial transfer disable or 
end request. 

Receive mode 
Transmit mode 

Shift operation at the lead¬ 
ing edge of the shift clock 

Shift operation at the trail¬ 
ing edge of the shift clock 

External input is served 
as shift clock. 

Internal clock is served 
as shift clock. 


don't care) 


Operating condition of serial transfer 

Stopping or disabling condition 
of serial transfer 

Shifting operation can be monitored, 
and is used at time of transfer 
,end request. 


Fig. 1.11.2 Command Register, Status Input 
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(3) Shift clock (SCK) 

The following shift clock modes can be selected by the contents 
of the command register. 

(a) Clock source (External/internal mode) 

(b) Shift edge of clock (Leading edge/trailing edge mode) 

Internal clock mode 

fc/ 2 ^ Hz is used for the shift clock (when the basic clock fre¬ 
quency fc is 4.194304 MHz, the shift clock frequency is 32.768 kHz.). 

At this time, the clock is supplied to the external devices through 
the SCK pin. If the data setting (transmit mode) or the data read¬ 
ing (receive mode) rate by the program cannot follow the clock rate, 
the shift clock is automatically stopped and the next shift operation 
is suspended until the data processing is completed ("Wait"operation). 

External clock mode 

The shift operation is performed by the clock provided from the 
external circuitry since the SCK pin serves as an input. 

Leading edge shift mode 

Data is transmitted (transmit mode) or received (receive mode) 
at the leading edge of the SCK pin signal. 

Trailing edge shift mode 

Data is received (receive mode) at the trailing edge of the 
SCK pin signal. 

The SCK pin must be set to the "high" level when the serial trans¬ 
fer is started. In the internal clock mode, the SCK pin is automat¬ 
ically set to the "high" level because it serves as an output. 
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(4) Operation mode 

Selection of the following three transfer modes is available 
by changing the combination of the RM bit and LM bit of the com¬ 
mand register. 


RM 

(Bit 2) 

LM 

(Bit 1) 

ECKM 
(Bit 0) 

Operation Mode 

0 

0 

1/0 

Can not be used 

0 

1 

1/0 

Transmit mode (Note) 

(External/Internal clock) 

1 

0 

1/0 

Receive(Trailing edge shift) mode 
(External/Internal clock) 

1 

1 

1/0 

Receive(Leading edge shift) mode 
(External/Internal clock) 


(Note) Leading edge shift operation is performed. 
Table 1.11.1 Operation Mode of Serial Port 


In the transmit mode, the 4-bit data written to the buffer 
register from the CPU is shifted out by the shift register, and is 
output in the SO pin from the data of the LSB in sequence. The buf¬ 
fer register is accessed as the port address OPOF. 

In the receive mode, the data to be input to the SI pin is 
shifted toward the LSB by the shift register in sequence, and is 
set in the buffer register after the 4-bit data has been received. 

The CPU reads the contents of the buffer register, which is 
accessed as the port address IPOF. 
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j Transmit mode | 

After this mode is set in the command register, the first 
transmit data (4-bit) is written in the buffer register (the data 
cannot be written in the buffer register, if the transmit mode is not 
set). Then the data can be transmitted by setting the ESIO (MSB 
of command register) to "l". The content of the buffer register 
is transferred to the shift register by the first shift clock, and 
the data in the LSB (Dq) is output to the SO pin. The buffer regis¬ 
ter then becomes empty, so that the interrupt (ISIO) requesting the 
next data takes place (buffer empty). After that, the remaining data 
(Di - D 3 ) is automatically shifted out by the shift register by one 
data at a shift clock. The control by use of a program is not 
necessary in this operation. 

Data is written in the buffer register by outputting the next 
transmit data (4-bit) to the port address OPOF in the interrupt 
service program, and at the same time the interrupt request is 
reset to " 0 ". 


Internal clock operation 

In case of fc/2^ Hz internal clock operation, if the next data 
is not set in the buffer register (OPOF has not been accessed by the 
program) though the 4-bit data has been entirely shifted out, the 
shift clock automatically stops, and the wait operation is taking 
place until the data is set. 

The maximum transmission rate is 31250 bit/sec. at the 4 MHz 
basic clock. 
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External clock operation 

Since the shift operation synchronizes entirely with the clock 
provided from the external circuitry, the data should have been 
written in the buffer register before the next 4-bit data is shifted 
out. Therefore, the transfer rate is determined by the maximum 
time lag from the receipt of interrupt request (ISIO) to the writing 
of data in the buffer register by the interrupt service program. 


ESIO 




(b) External clock operation 

Fig. 1.11.3 Transmit Mode 
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Completion of transmission 

When the buffer register becomes empty, the interrupt occurs 
to request the next data. In case where the transmission is desired 
to be completed after the data is entirely transferred, the transmit 
operation can be stopped upon completion of transferring the current 
data shifted out, by resetting the ESIO to "0" without outputting 
the data. Whether or not the transfer operation is completed can 
be sensed in a program by the SIOF (MSB of the status input). 

In the external clock operation, the ESIO must be reset to "0 M 
before the next data is shifted out as in the data updating opera¬ 
tion (however, the data is not updated when the operation is com¬ 
pleted). When the wait operation have been already performed in 
the internal clock operation, the data transfer is terminated 
immediately after ESIO = 0. 

One word transfer can be terminated by ESIO = 0 in the inter¬ 
rupt service program on receipt of the interrupt caused by the buffer 
empty. 
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Receive (trailing edge shift) mode | 

Data can be received by setting the receive mode in the command register 
as well as by setting the ESIO (MSB of command register) to "l". 

When the four data are received from the SI pin, the 4-bit data is 
transferred from the shift register to the buffer register. At the same time, 
interrupt (ISIO) takes place to request the data reading (buffer full). 

Since the shift register has been transferring the data to the buffer reg¬ 
ister, the shift operation is continued without waiting for the data being 
read. 

When the data received from the port address IPOF is read in the inter¬ 
rupt service program, the interrupt request is reset. And then the next 4-bit 
data is transferred from the shift register to the buffer register if the 
buffer register has been full. 

Internal clock operation 

During the operation of the internal clock of fc/2?Hz, if the next 4- 
bit data is not read out of the buffer register (the IPOF has not been ac¬ 
cessed) in the program though the 4-bit data has been entirely input, the 
shift clock*automatically stops, and the wait operation is taking place 
until the data is read out. 

The maximum receiving rate is 31250 bit/sec at the 4 MHz basic clock. 


External clock operation 

Since the shift operation synchronizes entirely with the clock provided 
from the external circuitry, the current data should have been read by the 
instruction before the next 4-bit data is transferred to the buffer register. 
The transfer rate is, therefore, determined by the maximum time lag from the 
receipt of interrupt request (ISIO) to the read of the data in the buffer 
register by the interrupt service program. 
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INTEGRATED CIRCUIT 


TIWC40P 

TMP47C20P 


TECHNICAL DATA 


SCK (outputT 


t f f t f f f \ f t 


Shift (Sampling) 


ISIO 

SB 


Read (IPOF) 



(a) Internal clock operation (with wait operation) 


SCK (INPUT) UTJTJnjnjnjnjnjnjnj 



Shift (Sampling) 


ISIO 


SB 




Read (IPOF) 


Jl 


(b) External clock operation 


Fig. 1.11.5 Receive (trailing edge shift) Mode 



Completion of receiving 

When all of the data are read, the receiving of data can be 
completed upon termination of the current data transfer, by resetting 
the ESIO to "0". 

Whether or not the data transmission is terminated can be sensed 
in a program by the SIOF (MSB of status input). 

To complete the receive operation when the synchronization is 
desired between the serial transfer and interrupt service program 
(indicates data reading or completion of receiving), there are two 
ways according to the speed of shift clock. 

The receive/transmit mode must be maintained without switching 
the mode until the last data is read out even if the completion of the 
data transfer is indicated; otherwise the contents of the buffer reg¬ 
ister will be lost. 


(a) Sufficiently slow data transfer rate (external clock operation) 

If the timing, operated by the external clock, is slow enough to 
reset the ESIO to M 0" prior to the generation of the next shift clock, 
the ESIO can be reset to "0" in the interrupt service program which 
is loaded to read out the last data. Thereafter the last data is read. 


423 






Fig. 1.11.6 Completion of Receiving (at slow transfer rate) 


(b) Fast transfer rate 

If the shift operation for the next data may start before the 
current data is read out by receipt of the interrupt request becuase 
the transfer rate is too fast, the interrupt service program which is 
loaded to read out the last data but one should be used to reset the 
ESIO to "0" after confirming that the SEF (bit 2 of status input) has 
been set to "1". 

Thereafter, the data should be read. No operation is required to 
complete the data transfer in the interrupt service program for read¬ 
ing the last data. 
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The method mentioned above is usually taken for the internal 
clock operation. In the external clock operation, however, the reset 
of the ESIO and the read of data must be completed before the last 
data is transferred to the buffer register. 



Y 



(a) Program sequence of receive end indication 




Read (IPOF) 



(b) Timing Chart 

(in case of internal clock operation with wait operation) 


Fig. 1.11.7 Completion of Receiving (at fast transfer rate) 







INTEGRATED CIRCUIT 

TMP47C40P 



TMP47C20P 

\ 


TECHNICAL DATA 




(c) One word transfer 

The data receive operation starts after the ESIO is set to "1". 
Then, the ESIO is reset to ”0" after confirming that the SEF status 
is set to "1". In this sequence, one interrupt casued by the buffer 
full takes place; therefore, the data should be read out by the 
service program. 



(a) Program sequence of receiving start/end indication 



(b) Timing Chart 

Fig. 1.11.8 Receiving Start/Completion (at one word transfer) 
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With this mode set in the command register, the data can be 
received by setting the ESIO (MSB of command register) to "l". 

When the four data are received from the SI pin, the 4-bit 
data is transferred from the shift register to the buffer register. 
At the same time, the interrupt (ISIO) occurs to request the data 
reading (buffer full). Since the shift register is transferring 
the data to the buffer register, the shift operation has been con¬ 
tinued without waiting for the data being read. 

When the data received from the port address IPOF is read in 
the interrupt service program, the interrupt request is reset. 

And then the next 4-bit data is transferred from the shift register 
to the buffer register if the buffer register has been full. 

The basic operation in the receive (leading edge shift) mode is 
equivalent to that in the receive (trailing edge shift) mode except 
that the edge for the shift clock is different, and that at time of 
the transfer start, the first shifted data has been already input 
from the external circuitry before the first shift clock is applied 
to the data receipt. Timing charts are shown below. 
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SCK(OUTPUT) UUUUUUU L 

SI » 

Shift (Sampling) f t f 1 t f t f 

isi ° _r nr 

SB ^—\ ° ~T ~t 

Read (IPOF) \ 

\- »-0 

(a) Internal clock operation (with wait operation) 


H 

■I 

H 



SCK(INPUT) 
SI 


W///m Dn X Pi X D ? XD, XDq’XDt' XD/XD3'XPo" X d 

Shift (Sampling) | | f J f J | j j 

1510 _ | _ 

SB ^ ~ 

Read (IPOF) 


(b) External clock operation (at slow transfer rate) 
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TMP47C40P 

TECHNICAL DATA 

TMP47C20P 


ESIO 


SIOF 

SEF 


J I_F 7 


SCK(INPUT) 

51 wm, do 

Shift (Sampling) | f ( | | | f | ) { 

ISIO 


SB 


Read (IPOF) 


(c) External clock operation (at fast transfer 



Fig. 1.11.9 Receive(Leading Edge Shift) Modi 
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1.12 Hold control circuit (HOLDC) 

The hold function is the function that holds the status (contents 
of the data memory, program counter and other registers) immediately 
before the system operation is stopped at lower power consumption making 
the most of the features of CMOS. The hold function is controlled by the 
HOLD terminal and the command register. 

There are two operation modes for the hold operation as shown below. 
The designation for the hold operation start is made by the command 
in either mode. 

(a) Backup mode 

The HOLD terminal input controls the request/release of the hold 
operation. Namely, it is the state of the hold that the HOLD input 
is at the low level, and it is the state of the normal operations 
that the HOLD input is at the high level. 

This mode is used for backup of the capacitor when the main power 
supply is cut off, backup of the battery for a long time, etc. 

(b) Clock mode 

When the hold operation is started by the command even when the 
HOLD terminal input is at the either levels, the hold operation is 
continued till the leading edge of the HOLD terminal input is 
detected. This mode is used when signals in constant cycle are 
applied to the HOLD terminal input in applications, for example, 
the clock or timer applications, where relatively short period 
program processings are repeatedly executed in constant cycle. 

For instance, the signal is applied to the HOLD input from a 
source of oscillation at low power consumption. 
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HOLD 


Hold operation 


Normal operation- 


l^v_ 1.W w WJ-llg W11W piugioui, 

start the hold operation. 


Restarted by the hardware. 
(Whenever the HOLD 
terminal input is at high 
level, the normal operation 
is restarted.) 


(a) Backup Mode 


HOLD 


-Hold operation 


/Normal operation 

-Hold operation- 



The hold operation is 
started by the program. 

Restarted by the hardware 
according to the leading 
edge of the HOLD input. 


(b) Clock Mode 


Fig. 1.12.1 


Hold Modes 



(1) Control of hold function 

The hold operation is started by a command. The command 
register is accessed as the port address OPIO, and operation 
mode selection, start control and set-up of warming-up time at 
time of restart are designated. Furthermore, it is possible to 
read the status of the HOLD terminal input from the status 
input. The status input is accessed as the port address IPOE. 


Hold function 
command reg¬ 
ister (Port 
address OPIO) 


MSB LSB 

3 2 10 

] I I I (*: don't care) 


: Inhibiting 


code 


01 : Set the hold operation by the clock 
mode 


11 : Set the hold operation by the back¬ 
up mode 


I Set-up of Warming-up Time 

00 : Set at 2 ^ x l000/f c msec. 

01 : Set at 2^ x 1000/f c msec. 

1* : Set at 2^ x 1000/f c msec. 

(fc : basic clock frequency) 


Hold function 
status input 
(Port address 
IPOE) 


Warming-up Time (m SEC) 

For example, 
at f c =4MHz (rnSEC) 

218 x 1000/f c 

* 65.5 

2 14 x 1000/f c 

4= 4.1 

26 x 1000/fc , 

= 0.016 


MSB LSB 

3 2 10 


R 

* 

M 

HLDF 

i 



(*: don't care) 

1 : HOLD input is at low level 
(Hold operation request) 


0 : HOLD input is at high level 


Fig. 1.12.2 Hold Function Control 
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The hold operation holds the following state: 

0 The oscillation is stopped, and all internal operation are stopped. 

0 The frequency divider is reset to "0". 

0 The data memory, registers and port latches are held at the state 
immediately before the hold operation is started. It is therefore 
necessary to program in advance for the processing of uninterruptable 
program or status of the output terminal. 

© The program counter holds address of the instruction following the 
instruction directing start of the hold operation. 

The hold operation is started under either mode when data is set in 
a command register. In the case of the backup mode, it is therefore 
necessary to recognize the status of the HOLD input (the hold operation 
request) on the program. To do this, the following two methods are 
considered available: 

(a) Test I-ILDF of the status input 

(b) Apply the HOLD input to the INT^ input as an interrupt request. 

The hold operation is released when the HOLD terminal input becomes 
the high level. That is, under the backup mode, the hold status is kept 
held as long as the HOLD input is at the low level. However, if the HOLD 
input is already at the high level when a command directing start of the 
hold operation is executed, the hold operation is not started but the 
restarting sequence is started. Under the clock mode, the hold operation 
is continued till the leading edge of the HOLD input is detected. 
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Further, in the hold operation, current consumption based on the 
oscillator and internal hardware is reduced, but current consumption based 
on the terminal interface (depending upon the external circuit and program) 
is not directly concerned with the hardware operation of the hold function, 
and it is therefore necessary to pay attention in designing system as well 
as interface circuits. When the input level is stable at the Vpp/Vgs level, 
current flows scarcely through the CMOS circuit. On the other hand, when 
the input level is floating from the V^D/Vgg level (by about 0.3 ^ 0.5V), 
current will flow through the CMOS circuit. Therefore, in a case where 
the signal level at the I/O port (the open drain output with an input 
port circuit connected) becomes the 3-state status when the output transis¬ 
tor is cut off, current flows through the input port resistor and it is 
therefore necessary to fix the signal level by pulling up, etc. 


Restart from Hold 

The restart from hold is performed in the following sequence. 

(X) Oscillation is started. 

(2) The internal operation is kept stopped for a period of warming-up 

time assigned by the hold setting command to prevent the malfunction 
due to unstable oscillation. 

0 After the warming-up time has passed^ ote ), the normal operation is 
restarted by the instruction following the instruction directing the. 
hold setting. Further, the divider starts to operate from the state 
where it has been reset to "0". 

Note : Since the warming-up time is obtained from the value counted the 
basic clock by the divider, if oscillation frequency fluctuates 
at time of the restarting from the hold operation, the warming-up 
time shown in Fig. 1.12.2 may include errors. It is therefore 
necessary to regard the warming-up time as an approximate value. 

The hold operation is released when the RESET terminal is set at the 

low level and the normal operation (the initialization operation) is 

immediately executed. 
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2. Basic operation and pin operation 

1. Instruction cycle 

2. Basic clock (CP) generation 

3. Initialization operation 

4. Hold Input 

5. Interrupt input 

6 . Input/output port 

7. Other pins 

The timing in each basic operation, and the configuration, function, 
and timing of the pins are described according to the above items. 

The operation and timing with each component of the hardware are 
covered in detail in the description of each item of the components. 


Different input/output port circuit system can be specified accord¬ 
ing to the port. The details to specify the type of input/output port 
circuit are given in the descreption covering the program tape format. 


2.1 Instruction cycle 

The instruction execution and the internal hardware control are 
synchronized with the basic clock (CP, fc Hz). 

The minimum unit of the instruction execution is called the 
"instruction cycle", and all instructions are executed by one or two 
instruction cycles, each of which is called one-cycle instruction or 

two-cycle instruction. 
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An instruction cycle consists of four machine cycles (Mi^M^.). 
and each machine cycle requires four basic clock times. 


CP 

0 


Ml 

M2 


1 /fc . 

jmjirmnjui^^ 

_j i _j i_i i_ j i_r 

j 1_ r~ 


M3 


m 4 


Machine cycle 

-•-] 

}--Instruction Cycle -—j 

PC+l+PC PC*>ROM 


ROM->IR* Decoder 

RAM-Regis tor^LU ALU->RA|1 -Registor 
P ort In put Po rt Out put 

Fig. 2.1.1 Instruction Cycle 


2.2 Basic clock (CP) generation 

An oscillation circuit is contained, and the necessary clock 
is easily generated by connecting the resonator to external pins 
(XiN, Xoui) • By the way, the oscillation circuit serves as Schmitt 
circuit. 


The clock generated in the oscillation circuit is called the 
"basic, clock" with which the internal control is synchronized. The 
basic clock is applied to the timing generator and the control cir¬ 
cuit of system to provide various control signals. 
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The following are the examples of the resonator connection. 



(a) For X-tal or ceramic resonator 


X IN x OUT 



(b) For RC 


X IN x OUT 



(c) For external oscillator 
Fig. 2.2.1 Resonator Connections 

2.3 Initialization operation 

Initialization operation is performed by keeping the RESET pin 
to the low level. However, the following conditions are required to 
put the initialization operation into practice with certainty 

(T) The supply voltage is within the operating voltage. 

(2) The oscillation circuit operates stably. 

(3) The RESET is held at the low level in at least three instruc¬ 
tion cycle time. 
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The following processing are performed by the initialization 
operation. 

(1) Reset the program counter to "0" 

(2) Set the status flag to "1". 

CD Reset the interrupt enabling master F/F and the interrupt 
enabling register to "0", and also reset the interrupt 
latch to "0". 

(4) Reset the divider to "0". 

(5) Initialize the input/output port and command register to 
the fixed level. 

The initialization operation is released due to the rise of 
the RESET pin to the high level, and the program can be executed 
from address 0 in sequence. 

The RESET pin serves as Schmitt circuit input, and is connected 
with pull-up resistor (%200kfi TYP., MOS-load resistor). 


2.4 Hold input 

The hold function is the function that holds the status im¬ 
mediately before the system operation is stopped at low power con¬ 
sumption. The HOLD terminal serves as Schmitt circuit input and is 
used to the signal input requesting or releasing of the hold operation. 
Further, for details of the hold operation, refer to the description 
of the hold control circuit. 

Caution: To restart the system operation from the hold operation 

at low holding voltage, the following precaution is required. 
When supply voltage rises from holding voltage to operat¬ 
ing voltage, the RESET .input is also at the high 
level and rises together with supply voltage. 
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If a time constant circuit, etc. are externally added in 
this case, voltage build-up at the RESET input will be 
slower than that of supply voltage. Therefore, if voltage 
level at the RESET input drops below the non-revers ib1e 
high level (Schmitt circuit) at the RESET terminal input 
at this time, the initialization operation may possibly 
be executed. 


2.5 Interrupt input 

Two pins (INT^, INT2) are provided for the external interrupt 
input. Since these pins are common pins with Rg port, they can be 
used as I/O pins (R82, R80) respectively, if not used as the inter¬ 
rupt input pins. 

The interrupt via INT 2 can be inhibited at any time by the 
program, but the interrupt via INTq is not inhibited by it inde¬ 
pendently. Therefore, when this pin is used for the R82 port, 
the interrupt will always take place due to the detection of the 
falling edge of the signal. It is necessary to set a dummy inter¬ 
rupt service program including the (RETI) instruction only, even 
if the INTi is not used. 

The interrupt latch is set by the falling edge of the external 
inputs (INT]_, INT 2 ), and an interrupt request is made to the CPU. 

To assure that the interrupt latch is positively set or reset, 
and that the next interrupt request is set, both of the high and 
low levels should be kept for more than two instruction cycle time. 

The external interrupt input is the Schmitt circuit input. 
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tfothilui 


INTEGRATE CIRCUIT 



INTi 


Instruction 

cycle 


\ 


INTLi 

EIF 


J -\_ 

-\_ f 



Execution Interrupt 

of acceptance 

instruction process 


Execution of ad¬ 
dress 002 (RETI) 
instruction 


Execution 

of 

instruction 


Fig. 2.5.1 Interrupt Timing (Dummy process of INTj interrupt) 


2.6 Input/output port 

(1) Input/output timing 

The timing to read the external data from the input port or I/O 
port is in M 3 machine cycle in the second cycle of the input instruc¬ 
tion (two-cycle instruction). Since this timing cannot be externally 
recognized, the transient input data should be processed by a program. 

The timing to output the data to the output port or I/O port is 
in M 4 machine cycle in the second cycle of the output instruction 
(two-cycle instruction), but this timing cannot be externally recognized. 


Input instruction 


Input strobe 


Output instruction 


Latch strobe 
External pin 


1st Cycle 

2nd Cycle 

Mi M2 ( M3 ( M4 

Mi ! M 2 j M 3 i M 4 


n 

(a) Input Timing 


1st Cycle 

2nd Cycle 

Mi ( M? , M 3 | M 4 

Mi | M2 | M3 , M u ] 


rL 
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(b) Output Timing 

Fig. 2.6.1 Input/Output Timing 





^o3uha 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P, TMP47C41P 
TMP47C20P, TMP47C21P 



(2) Input/output circuit format 

The input output circuit format of the input/output port is shown following. 

For the TMP47C40P, TMP47C20P, TMP47C41P and TMP47C21P, any of the input/ 
output circuit systems shown in the following tables can be selected. You 
can specify your input/output circuit system when requesting the program tape. 

(In the case of high breakdown voltage output type, production part’s number 
is TMP47C41P or TMP47C21P.) 

*: Port **: Circuit 


Input/Output Circuit Code (IOCODE) FA 


Input (K 0 ) 


Output (Pi,P 2 ) 


I/O 

(r 4 ,r s ,r 6 ) 


I/O (r 7 ) 


I/O (r 8 ,r 9 ) 


Q —' v YV-[>o <£>- 


R = lk(TYP.) 








-O-1 



R = lkfi(TYP.) 


R = lkfi (TYP.) 



lkn (TYP.) 


No resistor 
is contained. 


o Sink open 
drain output. 

o Output latch 
is initial¬ 
ized to the 
high level. 


o Sink open 
drain output. 

o Output latch 
is initial¬ 
ized to the 
high level. 


o Sink open 
drain output. 

o Output latch 
is initial¬ 
ized to the 
high level. 


o Schmitt cir¬ 
cuit input. 

o Sink open 
drain output, 
o Output latch 
is initial¬ 
ized to the 
high level. 


Input/Output Circuit Code 


(IOCODE) HA 


Input (K 0 ) 


Output (P x ,P 2 ) 


I/O 

(R 4 ,R5,R 6 ) 


I/O (R 7 ) 


I/O (R 8 ,R 9 ) 


E.E 


3 => 
cx u 

e u 


O“^WNr-t>O-0^>— 


lkfi (TYP.) 





-o-<y 

R = lkfl (TYP.) 


—— 1 
R = lkfl (TYP.) 



No resistor 
is contained. 


Source open 
drain output. 
High breakdown 
voltage output 
Output latch 
is initial¬ 
ized to the 
low level 


o Source open 
drain output, 
o High breakdown 
voltage outputj 
o Output latch 
is initialized 
to the low level 
o Only for 
output 


Sink open 
drain output 

Output latch 
is initial¬ 
ized to the 
high level. 


o Schmitt cir¬ 
cuit input, 
o Sink open 
drain output, 
o Output latch 
is initial¬ 
ized to the 
high level. 


(Note: In this case, production part’s number is TMP47C41P or TMP47C21P.) 



Input/Output */ Input/Output 

Circuit Format /* Remark Circuit Forma 


£/o6hiha 1 

INTEGRATED CIRCUIT 

TMPh7C40P 

\ \ 

\ 


TECHNICAL DATA 

TIWC20P 

V 


*: Port Circuit 


Input/Output Circuit Code (IOCODE) FB 




Input (K 0 ) 

Output (Pi,P 2 ) | iluK^R*) 

! I/O (Ry) 

I/O (R fl ,R 9 ) 



-[>>- 1 


R IN=70kft(TYP.) 
R = lkfi (TYP.) 






-> - 1 


R = IkO (TYP.) 


R = lkfi (TYP.) | R = lkfl (TYP.) 


o Pull-up 
resistor is 
contained. 


o Sink open 
drain output 


o Sink open ! o Sink open 
drain output j drain output 


Output latch 
is initial¬ 
ized to the 
high level. 


o Output latch ! 
is initial¬ 
ized to the 
high level. 


o Output latch 
is initial¬ 
ized to the 
high level. 


o Schmitt cir¬ 
cuit input 


Sink open 
drain output 


o Output latch 
is initial¬ 
ized to the 
high level. 


*: Port **: Circuit 


Input/Output Circuit Code (IOCODE) FC 


Input (K 0 ) 

Output (P ! ^ P 2 ) 

(Ru}L 2 ,R 6 ) 

I/O (Ry) 

I/O ( R s , R9 ) 

R 

EhniH>- 

| r in 


— 1 if 

—XU__1 

-t>—iEy 

T 

;r 

-t>—liEy 

T 

:r 

•m 

R IN=70kfi (TYP.) 
R = lkfi (TYP.) 


XP °\j 

R = lkfi (TYP.) 

R= lkfi (TYP.) 

R = lkfi (TYP.) 

o Pull-down 
resistor is 
contained. 

o Sink open 
drain output 

o Output latch 
is initial¬ 
ized to the 
high level. 

o Sink open 
drain output 

o Output latch 
is initial¬ 
ized to the 
high level. 

o Sink open 
drain output 

o Output latch 
is initial¬ 
ized to the 
high level. 

o Schmitt cir¬ 
cuit input 

o Sink open 
drain output 

o Output latch 
is initial¬ 
ized to the 
high level. 










^oSuba 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 



*: Port **: Circuit 


j Input/Output Circuit Code (IOCODE) HB 


Input (K 0 ) 

Output (Pi,P 2 ) 

I/O 

(tU,R=,R 6 ) 

I/O (r 7 ) 

1/0 (R 8 ,R 9 ) 

Input/Output 
Circuit Format 

? V DD 

□ - R - 1 

? V DD 

ISo l|~ 

o V DD 

1 H 

t-- ir 1 ^ 


■ o^l 1 

■ 

R IN=70kft(TYP.) 

R = lkft (TYP.) 



R = lkfi (TYP.) 

<nj 

R = lk(TYP.) 

Remark 

o Pull-up 
resistor is 
contained. 

o Source open 
drain output. 

o High breakdown 
voltage output 

o Output latch 
is initial¬ 
ized to the 
low level. 

o Source open 
drain output, 
o High breakdown 
voltage output 
o Output latch 
is initial¬ 
ized to the 
low level, 
o Only for 
output. 

o Sink open 
drain output. 

o Output latch 
is initial¬ 
ized to the 
high level 

o Schmitt cir¬ 
cuit input. 

o Sink open 
drain output. 

o Output latch 
is initial¬ 
ized to the 
high level. 


(Note: In this case, production part's number is TMP47C41P or TMP47C21P.) 
_*: Port **: Circuit 


Input/Output Circuit Code (IOCODE) HC j 

*K 

Input (K 0 ) 

Output (Pi,P 2 ) 

(R<* , R-5 ^ 6 ) 

I/O (R 7 ) 

I/O (r 8 ,r 9 ) 

Input/Output 
Circuit Format 

D j—[> o-g[>-- 

| r in 

R IN=70k ^(TYP.) 

R = lkfi (TYP.) 

o V DD 

9 Vdd 

■^a 

t- irf 1 




SP^sl- 

R = lk(TYP.) 

R = lkfi (TYP.) 

Remark 

o Pull-down 
resistor is 
contained. 

! o Source open 
drain output. 
0 High breakdown 
voltage output 

o Output latch 
is initial¬ 
ized to the 

low level. 

1 _ 

o Source open 
drain output. 

° High breakdown 
voltage output 
o Output latch 
is initial¬ 
ized to the 
high level, 
o Only for 
output. 

o Sink open 
drain output. 

o Output latch 
is initial¬ 
ized to the 
high level. 

o Schmitt cir¬ 
cuit input. 

o Sink open 
drain output. 

o Output latch 
is initial¬ 
ized to the 
high level. 


(Note: Ih this case,, production part's number is TMP47C41P or TMP47C21P.) 
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2.7 Other pins 

Timer/Counter input 

Two pins (Ti, T 2 ) are provided for the external timer/counter 
inputs. Since these pins are common pins with Rg port, they can be 
also used as I/O pins (Rg 3 , Rgi>, respectively, if not used as the 
timer/counter inputs. 

The count latch is set by the rising edge of the external input 
(T]_, T 2 ) , and a count request is made to the CPU. To assure that the 
count latch is positively set or reset, both of the high and low 
levels should be kept for more tham two instruction cycle times. 

The external timer/counter input is the Schmitt circuit input. 

Serial port 

This port is connected to the external circuitry via three pins 
(SCK, SO, SI), which are also used for the R 9 port. These pins can 
be used as the pins of the R 9 port (R 92 , R 91 , R90)> if not used for 
the serial port. 

To assure that the shift operation is positively performed in the 
external clock mode, both of the high and low levels should be kept 
for more than two instruction cycle times. 

The SCK input in the external clock mode and the SI input in the 
receive mode are Schmitt circuit inputs. 


TEST pin 

This pin is used for the shipment test. To operate the user 
system with this pin, the input should be surely set to the low level. 
By the way, TEST pin is connected with pull-down resistor (~ 70kft TYP.). 
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The TLCS-47 series microcomputer is provided with 90 instructions, 
which are software compatible within the series. The instructions of 
the TLCS-47 series is consist of 1-byte instructions or 2-byte instruc¬ 
tions. To classify them in terms of the execution time, there are 
1 -cycle instructions and 2-cycle instructions. 

1 -byte, 1-cycle instructions are mainly used in this series, and 
are arranged so as to improve the program efficiency. 


1 -byte 

1 -cycle 

instruction 

40 

1 -byte 

2 -cycle 

instruction 

11 

2 -byte 

2 -cycle 

instruction 

39 



Total 

90 


(a) Classification by byte/cycle 

M . .. (Note 1) 0 

Move instruction 22 

Compare instruction 6 

Arithmetic instruction 16 

Logical instruction 9 

Bit manipulation instruction 24 

Input/Output instruction ^ ote 6 

Branch, subroutine instruction 6 

Other instruction 1 

Total 90 

(Note 1) : Including ROM data referring instructions 
(Note 2) : Including PLA referring instruction. 


(b) Classification by function 

Table 3.0.1 Classification of Instructions. 
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INTEGRATED CIRCUIT TMP47C40P 

TMP47C20P 

TECHNICAL DATA 


3.1 Description of symbols 

The following symbols are used for describing the instructions in the 
following explanations. 


Description 


Accumulator 

Data memory (Address x) 
H register 


Port (Address p) 


CF Carry flag 

ZF Zero flag 

SF Status flag 

GF General flag 

PC Program counter 

STACK[(SPW)] Stack (Stack level is indicated by the contents of stack 
pointer word.) 

SPW Stack pointer word 

EIF Enable interrupt master F/F 

EIR Enable interrupt register 

INTLj Interrupt latch (j = 5 - 0) 

DC Data counter 

ROM[x] Program memory (Address x) 

(R0Mh,R0Ml) (High-order 4 bits or low-order 4 bits are expressed by 

suffix H/L.) 


Exchange 


Substraction 

Logical AND o^ the corresponding bits 
Logical OR of the corresponding bits 
Exclusive OR of the corresponding bits 




Move Instruction 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP47C40P 

TIWC20P 


Symbol 

Description 

(CF) 

Inversion of carry flag contents 

null 

Processed result is transferred nowhere 

(AC) 

Contents of accumulator 

(H.L) 

Contents of 8 bits coupling H register with L register 

m[(h.l)] 

Contents of data memory for which the contents of 8 bits 


coupling H register with L register is used as address. 

(AC)<b> 

Contents of bit assigned by b of accumulator. 

(LR)<3:2> 

Contents of bit 3 to bit 2 of L register 

(PC)<11:6> 

Contents of bit 11 to bit 6 of program counter 


3.2 Description of instructions (*): Note 1 (**): Exec.cycle (**); Hexadecimal 

litem I I “ . „ , I I ” I Flag(*) 


Assembler 

Mnemonic 


Object Code 


Flag (*) 
CFlZFlSF 


iiiiciuuuj. ^ -—• —-—7—3r~r—-— 

Binary (jfo) j_ Fun 

LD A, @HL 0 0 0 0 1 1 0 0 0 C j (AC)+-M[(H-l7] 


(if*) Functional Description 

0 C (AC)+M[(H-L)] 1 - Z 1 1 1 

Loads the contents of the data memory spec¬ 
ified by the H and L registers in the ac¬ 
cumulator. 

3 C (AC)+M[x] _ 1 - Z 1 1 2 

x H x L Loads the contents of the data memory spe - 
cified by the x of the instruction field in 
the accumulator. 


j Loads the consecutive two-word contents of 
the data memory specified by the x' (modi¬ 
fied x) of the instruction field in the H 
and L registers. 

LD A, #k 0 10 0 kakzkiko 4 k (AC)*k | - Z 1 | 1 

Loads the immediate data k of the instruc¬ 
tion field in the accumulator. Serves as 
the clear instruction when k=0. 


0011 1100 

3 C 

X 7 X 6 X 5 X<, X3X2X1X0 

X H X L 

0010 1000 

2 8 

XyXfeXsXi. X3X2X1X0 

X H X L 







Move Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 


\l terns Assembler 

'- 1 Mnemonic 

Class! 


LD L, //k 


Object Code 


1100 k 3 k 2 k 1 k 0 


1110 k3k 2 kik 0 


LDL A, @DC 0 0 1 1 0011 


jLDH A,@DC+ 0011 0010 


ST A, @HL 0 0 0 0 1111 


0001 1010 


ST A,@HL- 0001 1011 


ST A, x 


0011 1111 


X 7 X 6 X 5 X*. X 3 X 2 XiX 0 


ST #k,@HL+ 1111 k 3 k 2 k 1 k 0 


_ Functlon r cifzFisFr ^ 

Functional Description 

: (HR)^k | - - 1 | 1 

Loads the immediate data k of the instruc¬ 
tion field in the H register. Serves as the 
! clear instruction when k= 0. 


Loads the immediate data k of the instruc¬ 
tion field in the L register. Serves as the 
clear instruction when k=0. 

(AC)^ROMlI(DC)] 1 - Z 1 1 2 ~ 

Loads the lower-order 4 bits of the data read 
out of the data table of the program memory 
specified by the data counter, in the ac¬ 
cumulator. 

(ACHROMhKDC)] , (DC)+(DC)+1 1 - Z 1 1 2 

Loads the higher-order 4 bits of the data 
read out of the data table of the program 
memory specified by the data counter, in the 
accumulator, and then increments the contents 
of the data counter. [Note 2] 

M[(H«L) ]* -AC_ | - - 1 1~T~ 

Stores the contents of the accumulator in the 
data memory specified by the H and L registers. 

M[(H-l)MAC), (LRK(LR)+1 1- Z c[ 1 

Stores the contents of the accumulator in the 
data memory specified by the H and L regis¬ 
ters, and then increments the contents of the 
L register. [Note 3] 

M[(H.L)MAC) , (LRK(LR)-l 1- Z B 1 1 

Stores the contents of the accumulator in the 
data memory specified by the H and L regis¬ 
ters, and then decrements the contents of the 
L register. [Note 3] 

M[x]^(AC) 1 - - 1 1 2 

Stores the contents of the accumulator in the 
data memory specified by the x of the instruc¬ 
tion field. 

M[(H-L)]+k,(LR)^(LR)+l [- Z C | 1~ 

Stores the immediate data k of the instruc¬ 
tion field in the data memory specified by 
the H and L registers, and then increments 
the contents of the L register. [Note 3] 



Move Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 


Assembler _ . „ , „ Flag(*) , 

-> . Object Code Function - ■ - i ■ - (** 

A Mnemonic _ J ,___ |CF|ZF|SF| 

I Binary (**) Functional Description 

ST//k,y 0010 1101 2D M[y]*4e | - - 1 | 2~ 

i, i i v „ T „ „ „ k y Stores the immediate value k of the instruc- 

K3K2K1Ko y 3 y 2 yiyo 

tion field in the data memory specified by 
y (page 0) of the instruction field. Serves 
as the clear instruction when k=0. 

MOV H, A 0001 0000 10 (AC)#HR) - Z 1 1 

Loads the contents of the H register in the 
I | accumulator. 


MOV L, A 0001 0001 11 (AC)<-(LR) _ | - Z 1 [ 1 

Loads the contents of the L register in the 
accumulator. 


j XCH A, H 0011 0000 30 (HR)# AC) _ [ - Z 1 | 2 

Exchanges the contents of the accumulator for 
i those of the H register. [Note 2] 

XCH A, L 0011 0001 31 (LR)#AC) _ - Z 1 2 

Exchanges the contents of the accumulator for 
those of the L register. [Note 2] 

XCH A,EIR 0 0 0 1 0 0 1 1 1 3 (EIR) $(AC) _ - - 1 1 

Exchanges the contents of the accumulator for 
those of the interrupt enable register. 


XCH A,@HL 0 0 0 0 1 1 0 1 0 D M[(H-L)]#AC) __ | - Z 1 | 1 

Exchanges the contents of the accumulator for 
those of the data memory specified by the H 
and L registers. [Note 2] 


XCH A, x 00111101 3D M[x]#AC) _ [ - Z 1 | 2 

v xuxt Exchanges the contents of the accumulator for 

X7X6X5X4 X3X2 X 1 Xo , . . , 

those of the data memory specified by the x 


XCH HL, x 0 0 1 0 100129 


of the instruction field. 


Mtx’jXaR) ,M[x'+1]#HR) 


[Note 2] 


X7X6X5X4 X 3 X 2 X a Xo 


x =x 7 x 6 x 5 x t ,x 3 x200 _|_ j 

Exchanges the contents of the H and L regis¬ 
ters for consecutive two-word contents of 
the data memory specified by the x’ (modified 
x) of the instruction field. 




INTEGRATE) CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 


Assembler 

Mnemonic 


Object Code 


CMPR A,@HL 0001 0110 


CMPR A, x 0011 1110 

X 7 X 6 X 5 Xz. X 3 X 2 XiXo 


| CMPR A, #k 


(**) Functional Description 

1 6 nul>M[(H»L) j-(AC) _ B Z Z 1 

Compares the contents of the data'memory spec¬ 
ified by the H and L registers with those of 
the accumulator. 

3 E nill-^-M[x]-(AC) _ B Z Z 2 

x H x L Compares the contents of the data memory spec¬ 
ified by the x of the instruction field with 
those of the accumulator. 


0 0 11 
110 1 


k 3 k 2 k 1 k 0 D k 


1 0 0 0 3 8 

kak^ko D k 


null^k-(AC) __ 1 B Z Z 1 1 

Compares the immediate data k of the in¬ 
struction field with the contents of the ac¬ 
cumulator. Serves as the accumulator test 
instruction when k=0. 


null^k-(HR) _ 1 - Z B 

Compares the immediate data k of the in¬ 
struction field with the contents of the 
register. Serves as the H register test 
struction when k=0. 


0011 1000 38 null-^k-(LR) _ | - Z B | 

1001 k 3 k 2 kik 0 9 k Compares the immediate data k of the in¬ 
struction field with the contents of the 
register. Serves as the L register test 
struction when k=0. 


CMPR y,//k 0010 1110 2E | null+-k-M[y] 


k 3 k 2 kiko y 3 y 2 yiyo 


k y Compares the immediate data k of the in¬ 
struction field with the contents of the data 
memory specified by the y (page 0) of the in¬ 
struction field. Serves as the data memory 
test instruction when k=0. 


0000 1000 08 (AC) ~*-(AC)+l _ | - Z C | 1 

Increments the contents of the accumulator. 


0001 1000 18 (LR)^(LR)-H _ | - Z C [ 1 

Increments the contents of the L register. 




Arithmetic Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 


Items Assembler 


Object Code 


Functional Description 


• INC @HL 0 0 0 0 1 0 1 0 0 A M[ (H . L) ]*~M[ (H• L) ]+l _ | - Z C [ 1 

Increments the contents of the data memory 
specified by the H and L registers. 

DEC A 0000 1001 09 (AC)*-(AC)-1 _ -ZB _1_ 

i Decrements the contents of the accumulator. 


i ADDC A,@HL 


(LR)<-(LR)-1 _ 

Decrements the contents of the 


L register. 


M[(H• L) ]*-M[(H-L ) ]-l _ 1 - Z B 1 ~T~ 

Decrements the contents of the data memory 
specified by the H and L registers. 

(AC)«-(AC)+M[(H-L) ] + (CF) _ C Z cj 1 

Adds the contents of the data memory spec¬ 
ified by the H and L registers as well as 
those of the carry flag to those of the ac¬ 
cumulator, and places the result in the ac¬ 
cumulator . 


(AC)*-(AC) +M[ (H • L) ] _ | - Z C 1 1 

Adds the contents of the data memory spec¬ 
ified by the H and L registers to those of 
the accumulator, and places the result in the 
accumulator. 


0011 1000 
0000 kgkakiko 


(AC)*-(AC)+k _ 1 - Z C 1 2 

Adds the immediate data k of the instruction 
field to the contents of the accumulator, and 
places the result in the accumulator. Serves 
as the correction instruction for decimal ad¬ 
dition and subtraction when k=6 or A. 


ADD H, #k 0011 1000 

1100 kakakjko 


(HR)*-(HR)+k _ 1 - Z C 1 2 

Adds the immediate data k of the instruction 
field to the contents of the H register, and 
places the result in the H register. Serves 
as the H register increment instruction or 
the decrement instruction when k= 1 or F, 
respectively. 





Toshiba 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C2QP 



^ terns 

Assembler 

Mnemonic 

Object Code 

Function 

Flag(*) 

(**> 

cfIzfIsf 

Class^ 

Binary 

(**) 

Functional Description 


ADD L,//k 

0011 1000 

3 8 

(LR)^(LR)+k 

- Z C 

2 



1000 kakakjko 

8 k 

Adds the immediate data k of the 

instruction 





field to the contents of the L register, 

and 





places the result in the L register. 



ADD @HL,#k 

0011 1000 

3 8 

M[(H•L)]^M[(H-L)]+k 

- Z C 

2 



O 

O 

o 

4 k 

Adds the immediate data k of the 

instruction 


field to the contents of the data memory 
specified by the H and L register, and 
places the result in the data memory. Serves 
as the correction instruction for the decimal 
addition and subtraction when k=6 or A. 


ADD y,#k 


0010 1111 
kakskxko y 3 y 2 yiyo 


2 F 
k y 


M[y]^ll[y]+k 


- Z C 


Adds the immediate data k of the instruction 
field to contents of the data memory specified 
by the y (page 0) of the instruction field, 
and places the result in the data memory. 
Serves as the correction instruction for 
decimal addition and subtraction when k = 6 
or A. 


SUBRC A, @HL j 0 0 0 1 0 1 0 0 


1 4 


( AC)*~M [ (H • L) ]- (AC) -(CF) 


B Z B 


Subtracts the contents of the accumulator and 
the inverse contents of the carry flag from 
the contents of the data memory specified by 
the H and L registers, and places the result 
in the accumulator. 


SUBR A,//k 


0011 1000 
0001 kakakiko 


3 8 
1 k 


(AC)-ek-(AC) 


-ZB 


Subtracts the contents of the accumulator 
from the immediate data k of the instruction 
field, and places the result in the accumu¬ 
lator. Serves as the accumulator 2's comple¬ 
ment instruction or the data inversion (l's 
complement) instruction when k=0 or F, 
respectively. 
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Logical Instruction 


Toshiba 


INTEGRATED CIRCUIT 


TMP47C40P 

TMP47C20P 


TECHNICAL DATA 



u. terns 

Class! 

Assembler 
Mnemonic 

Object Code 

Function 

Flag(*) 

cfIzfIsf 

(**) 

Binary 

<**) 

Functional Description 

Arithmetic 

Instruct ion 

SUBR @HL,//k 

0011 1000 

0101 k 3 k 2 k 1 ko 

3 8 

3 k 

M[ (H•L)]+k-M[(H•L)] 

-ZB 

2 

Subtracts the contents of the data memory 
specified by the H and L registers from the 
immediate data k of the instruction field, 
and places the result in the data memory. 
Serves as the data memory 2's complement in¬ 
struction or the data inversion (l’s comple¬ 
ment) instruction when k= 0 or F,respective¬ 
ly- 


ROLC A 

0000 0101 

0 5 

|- 1 .rotate left. 

HCFj--fACl 1 Dy 1 bit ' 

c z c 

1 

Rotates the contents of the accumulator and 
carry flag to the left by one bit. [Note 4] 

RORC A 

0000 0111 

0 7 

i- 1 .rotate right. 

HCFl- -TACT— J Dy 1 bit ; 

c z c 

1 



Rotates the contents of the accumulator and 
carry flag to the right by one bit. [Note 4] 

AND A,@HL 

0001 1110 

1* E 

! 

(ACH(AC)AM[(H-L) ] 1 - Z Z 

1 

ns true tion 

1 ! 
1 j 

Carries out the logical AND of the corre¬ 
sponding bits with the contents of the accu¬ 
mulator and those of the data memory specifi¬ 
ed by the F and L register, and places the 
result in the accumulator. 


AND A,#k 

0011 1000 

0011 k 3 k 2 k 1 k 0 

3 8 

3 k 

(AC)+-(AC)Ak 

- z z 

2 

u 

M 

O 

Carries out the logical AND of the corre¬ 
sponding bits with the contents of the accu¬ 
mulator and the immediate data k of the in¬ 
struction field, and places the result in the 
accumulator. 

AND @HL,//k 

0011 1000 

0111 k 3 k 2 k 1 k 0 

3 8 

7 k 

M[(H-L) h-M[(H-L) ] Ak 

- z z 

2 

Carries out the logical AND of the corre¬ 
sponding bits with the contents of the data 
memory specified by the H and L registers and 
the immediate data k of the instruction field, 
and places the result in the data memory. 




Bit Manipulation _ . , T 

_ . Logical Instruction 

Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 




Assembler 

Mnemonic 

OR A, @HL 


Object Code 
Binary 


Function 

Flag(*) 

cfIzfIsf 

(**) 

Functional Description 

(AC) + (AC)VM[(H-L)] 

- z z 

1 


I Carries out the logical OR of the correspond- 
, ing bits with the contents of the accumulator 
and those of the data memory specified by the 
|H and L registers, and places the result in 
the accumulator. 

(AQ^(AC)vk _ 1 - Z Z 1 2 

Carries out the logical OR of the correspond¬ 
ing bits with the contents of the accumulator 
and the immediate data k of the istruction 
field, and places the result in the accumulator. 

M[(H»L)]-*-M[(H.L) ]yk _ - Z Z 2 

Carries out the logical OR of the correspond¬ 
ing bits with the contents of the data memory 
specified by the H and L registers and the 
immediate data k of the instruction field, , 
and places the result in the data memory. 


(ACMAC)VM[(H-L) ] _ 1 - Z Z | 1 

Carries out the logical exclusive OR of the 
corresponding bits with the contents of the 
accumulator and those of data memory specifi¬ 
ed by the H and L registers, and places the 
result in the accumulator. 


0000 0110 06 (SF)^-(CF) , (CF)+0 _ [ 0 - * | 1 

Places the inverse contents of the carry flag 
in the status flag, and then resets the carry 
flag to "0”. 

b 0101 1 1 bjbo 5 C+b (SF)-<-(AC)<b> _ - - * 1 

Places the inverse contents of the bit, which 
is specified by the b of the instruction 
field, of the accumulator, in the status flag. 


0011 1000 38 

0010 k 3 k 2 kik 0 2 k 


! OR @HL,#k | 0 0 1 1 1 0 0 0 3 8 
! | 0 1 1 0 k 3 k 2 kik 0 6 k 


X0R A, @HL I 0 0 0 1 


TEST @HL,b 0 1 0 1 1 0 b,b 0 5 8+b 


(SF)^M[(H.L) ]<b> _ 1 - - * 1 1 

Places the inverse contents of the bit, which 
is specified by the b of the instruction 
field, of the data memory specified by the H 
and L registers, in the status flag. 





Bit Manipulation Instruction 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 


\ Mnemonic 
Class\ 


Object Code 


|Flag(*)1 


Functional Description 


TEST y,b 0011 1001 39 (SF)^M[y]<b> _ [ - - * | 2 

i n \t it 8 + b Y Places the inverse contents of the bit, which 

1 o Dibo y3y2yiyo y . ... , . , . ’ 

is specified by the b of the instruction 

field, of the data memory specified by the y 
; (page 0 ) of the instruction field, in the 

j status flag. 

-j--- 

TEST %P,b 0011 1 0 1 1 ; 3 B (SF)^P~Ip]<b> _ - - * 2 

i n k k t-\ ' 8+b P * Places the inverse contents of the bit, which 

is specified by the b of the instruction 
field, of the port (port register in the 
output port, and pin input in the input and 
I/O port) specified by the p of the instruc¬ 
tion field, in the status flag. 

I-- " ... _ n--- 

TEST @L 0011 0111 37 (SF)*-P[(LR) <3:2>+4J<(LR) <1:0>> | - - *| 2 

Places the inverse contents of the bit, which 
is specified by the lower-order two bits of 
the L register, of the ports R 4 - R 7 (pin 
input) specified by the higher two bits of 
the L register, in the status flag. 

TESTP CF 0 0 0 0 0 1 0 0 j 0 4 (SFK(CF) , (CF)VL _ 1 - * 1 

! Places the contents of the carry flag in the 

i status flag, and then sets the carry flag to 

j "l". 


0 1 0 0 | 0 4 


0000 1110 0E (SFK(ZF) _ | - - * | 1 

Places the contents of the zero flag in the 
status flag. 

0000 0001 01 (SFH(GF) ___ [ - - * f 1 

Places the contents of the general flag in 
the status flag. 


TESTP y,b 0011 1001 39 (SF)*-M[y] <b> _ [ - - * | 2 

, , C+b y Places the contents of the bit, which is 

1 o y3y2yiyo specified by the b of the instruction field, 

of the data memory specified by the y (page 
0 ) of the instruction field, in the status 
flag. 




Bit Manipulation Instruction 


INTEGRATED CIRCUIT 


TMP47CW 

TMP47C20P 



TECHNICAL DATA 



Assembler 

Mnemonic 

Object Code 

Function 

Flag(*) 
CFlZFjSF 

(**) 

Binary 

(***) 

Functional Description 

TESTP %P,b 

0011 1011 

1 1 bib 0 P 3 P 2 P 1 P 0 

3 B 
C+b P 

(SF)«-P[p]<b> 

_ - * 

2 

Places the contents of the bit, which is spec¬ 
ified by the b of the instruction field, of 
the port (port register for the output port, 
and pin input for the input or I/O ports), 
which is specified by the p of the instruc¬ 
tion field, in the status flag. 

SET GF 

0000 0011 

0 3 

(GFW 

- - 1 

1 

Sets the general flag to "1". j 

SET @HL, b 

0101 OObibo 

5 b 

M [ (H • L) ] <b x-1 

- - 1 

1 

Sets the bit, which is specified by the b of 
the instruction field, of the data memory 
specified by the H and L registers, to ”1". 

SET y, b 

0011 1001 

0 0 b x bo y 3 y 2 y x y 0 

3 9 
b y 

M [y ]< b >+-1 

- - 1 

2 

Sets the bit, which is specified by the b of 
the instruction field, of the data memory 
specified by the y (page 0 ) of the instruc¬ 
tion field, to " 1 ". 

SET %p, b 

0 0 11 10 11 

0 0 bib 0 P 3 P 2 P 1 P 0 

3 B 
b y 

P [p ]< b >-el 

- - 1 

2 

Sets the bit, which is specified by the b of 
the instruction field, of the port specified 
by the p of the instruction field, to " 1 ". 

SET @L 

0011 0100 

3 4 

P [ ( LR)'3:2 >+4 ] < (LR) <1:0>>«-1 

- - 1 

2 

Sets the bit, which is specified by the lower 
-order two bits of the L register, of the 
ports R 4 - R 7 specified by the higher-order 
two bits of the L register, to "1". 

CLR GF 

0000 0010 

0 2 

(GF)-<-0 

- - 1 

1 

Clears the general flag to "0". 

CLR @HL, b 

0 10 1 0 1 bjbo 

5 4+b 

M [ (H • L) ] <b> ^0 

- - 1 

a 

Clears the bit, which is specified by the b 
of the instruction field, of the data memory 
specified by the H and L register, to ”0". 






Input In¬ 
struction Bit Manipulation Instruction 


INTEGRATED CIRCUIT 


TMP47C40P 

TMP47C20P 


TECHNICAL DATA 


Assemble r 
Mnemon i c 

CLR y , b 


Obiect Code 


0 0 1 1 1 0 0 1 
0 1 b l b Q y 3 y 2 yiyo 


| CLR %P, b | 0 0 1 1 10 11 

! 0 1 bib 0 p 3 p 2 piPc 


-i- 


(**) Functional Description 

3 9 M[y]<b> - 0 _ - - 1 1 2 

4+b y Clears the bit, which is specified by the b 
of the instruction field, of the data memory 
specified by the y (page 0 ) of the instruc¬ 
tion field, to " 0 ". 

3 B P[p]<b^0 - - 1 __2_ 

4+b p Clears the bit, which is specified by the b 
of the instruction field, of the port spec¬ 
ified by the p of the instruction field, to 
" 0 ". 


0011 0101 3 5 P[(LR)<3:2>+4]<(LR)<l:0»+0 | - - 1| 2 

Clears the bit, which is specified by the 
lower-order two bits of the L register, of the 
ports R^ - Ry specified by the higher-order 
two bits of the L register, to "0". 

00110110 3 6 (INTL)<5;0>+(lNTL)<5:0>Ar<5:0> - - 1 2 

n . C+rurj Resets the interrupt latch INTLj when the rj 

1 1 ^5^*4 i . • £ . -I i . f | f f / . r a \ 

of the instruction field is 0 . (j = 3 - 0) 


, ElCLR IL,r ! 0011 0 1 1 0 j 3 6 (EIF)^l, 

| l„ , „ , , „ „ „ |4+r H r,. (INTL)<5:0><-(INTL)<5:0>Ar<5 

iUir 5 r/ 4 r 3 r2r 1 ro 11 ; -- -j—^- 


DICLR IL,r |0 0 1 1 0110 3 6 

1 0 r 5 r 4 r 3 r 2 r!ro 8 +r H r I 


0 0 11 10 10 
0010 P3P2P1P0 


(EIF)^l, _ _ 1 ? 

(lNTL)<5:0>*-(INTL)<5:0>Ar<5:0> _ 

Sets the interrupt enable master F/F to "1". 
Interrupt latch INTLj is reset when the rj 
of the instruction field is " 0 ". (j = 5 - 0 ) 

H(EIF)+0, 

| (INTL)<5:0>^-(lNTL)<5:0>Ar<5:0> - - 1 2 

Resets the interrupt enable master F/F to 
"0". Interrupt latch INTLj is reset when 
the rj of the instruction field is ” 0 ". 

( j = 5 - 0 ) 

(A C)<-P[p] _ - Z Z 2 

Places the input data from the port specified 
by the p of the instruction field in the ac¬ 
cumulator . 





Subroutine Input/Output Instruction 

Instruction 


INTEGRATED CIRCUIT 


TMP47C40P 

TMP47C20P 


Toshiba 


TECHNICAL DATA 



Items 


Class! 


Assembler 

Mnemonic 


Object Code 


Binary 


<**) 


Function 




Functional Description 


IN %P, @HL 


0011 1010 
0 110 p 3 p 2 piPo| 


3 A 
6 P 


M[(H.L)]*P[p] 


Places the input data from the port specified] 
by the p of the instruction field in the data 
memory specified by the H and L registers. 


OUT A, %P 


0011 1010 

1 0 p«.0 P 3 P 2 P 1 P 0 


3 A 
8+2 P ’4 P 


PjpMAC) , P=P 4 ,P 3 P 2 P 1 P 0 


- 1 


Outputs the contents of the accumulator to 
the port specified by the p of the instruc¬ 
tion field. (0 <p < 31) 


OUT @HL,%P 


0011 1010 

1 1 P.0 P3P2Plpo| 


3 A 

C+ 2 p 4 p 


P[p]+-M[(H-L)], P=Pz,P 3 P 2 P a P 0 


Outputs the contents of the data memory 
specified by the H and L registers to the 
port specified by the p of the instruction 
field. (0 <p <31) 


OUT #k,%P 


0010 1100 

k 3 k 2 k ik 0 p 3 p 2 p iPol 


2 C 
k P 


P[p]*-k 


- 1 


Outputs the immediate data k of the instruc¬ 
tion field to the port specified by the p of 
the instruction field. Serves as the clear 
instruction when k= 0 . 


I— 


OUTB @HL 


0001 0010 


1 2 


P [ 2 ]*P [ 1 ]-eR0M [F* (E+(CF) )*M[ (H-L) ] ] _ 


Outputs the data (eight bits) of the program] 
memory located in addresses FEO - FFF, which 
use a five-bit data connecting the contents 
of the data memory specified by the H and L 
registers and those of the carry flag, as 
lower-order five-bit addresses, to the P 2 - 
Pi ports. 


BS a 


0 110 a u ajoa9ae 
37363581 , a 3 a 2 aiad 


6 aH 
a M a L 


If SF=1 then (PC)+a else null- - 


Places the immediate data a of the instruc- 
tion field io ,the program counter if the 
status flag is at "1". If the status flag 
is at ” 0 ", sets the status flag only to " 1 " 
and moves to the next address. 



Branch*Subroutine Instruction 


INTEGRATED CIRCUIT 


TIWC40P 

TMP47C20P 


TECHNICAL DATA 


Assembler 

Mnemonic 


Object Code 


[Flagl*) | 


Functional Description 


d 3 d 2 d i do 8+dftdL If SF=1 then (PC)-*-a else null, , , 

a=(PC) <11-6 > -d __|___ 

Carries out the branch within a page (64- 
byte) if the status flag is at "1"; brings 
the immediate value d of the instruction 
j field into the lower-order six bits of the 

| program counter. Since the updated value 

! remains in the higher-order six bits, if 

this instruction is specified in the last 
j address in the page, branching is carried 

I out to the next page. If the status flag is 

j at "0", it sets the status flag only to "1", 

and moves to the next address. [Note 5] 


0 0 1 0 0 a i0 a 9 a a 2 aH 
n a a a Q a M a L 


CALLS a 0111 n 3 n 2 n 1 n 0 7 n 


0 0 10 10 112 


STACK[ (SPW) ]-e(PC) , (SPW)-c(SPW)-1 _ 2 

(PC) ^a, 0 < a < 2,047 _ 

Carries out the subroutine call; saves the 
contents of the program counter in the stack, 
and decrements the stack pointer word, and 
then places the immediate data a of the in¬ 
struction field in the program counter. 
However, the call address of the subroutine 
must be in the addresses 000 -7FF. 

[Note 5] 

STACK[(SPW) MPC) ,(SPWH(SPW)-1 _ 7 

(PC)-*~a, a=8n+6(n*0) , 134(n=0) [____ 

Carries out the short form subroutine call. 
The operation is the same as that of the 
"CALL" instruction except that the value to 
be set in the program counter is automatic¬ 
ally defined by the n of the instruction 
field. [Note 5] 

(SPW)<-(SPW)+1,(PC) <-STACK[(SPW)] ~- -[ 2 ~~ 

Returns from the subroutine to the previous 
program; increments the stack pointer word, 
and restores the data of the return address 
from the stack to the program counter. 





\ Item 

Assembler 

Mnemonic 

Object Code 

Function 

Flag(*) 

(**) ! 

v_, 


CF fcF | SF 

Class\ 

Binaty 

(**) 

Functional Description 

Oi 

fi 

•h e 

RETI 

0010 1011 

2 B 

(SPWH(SPW)+1, 

(flag-pcHstack[ (SPW) ] , (EIFH1 

* * * 

2 

Branch•Subrout 
fnstructic 

| 

' 


Returns from the interrupt processing routine; 
increments the stack pointer word, and re¬ 
stores the data of the return address from 
the stack and the data of the flag, to the 
program counter and the flag, respectively. 

And then, it sets the interrupt enable master 
F/F to "l". 

Other 

Instruc¬ 

tion 

NOP 

0000 0000 

0 0 

no operation 

— 





Moves to the next instruction without perform¬ 
ing any operation. 


Note 1. Setting Condition of Flag. 

"C" indicates the carry output from the most significant position 
in the addition operation, and "B" indicates the borrow output from the 
most significant position in the subtraction operation. 

"Z" indicates the zero detection signal to which "1" is applied 
only when either the ALU output of the processing result or all 
four bits of the data transferred to the accumulator are zero. 

The flag is set to "C", "C", "B", "Z", "Z", "1", or "0" according 
to the data processing rusult. The value specified by the function is 
set to the flag with the mark and the mark denotes no change 

in the state of the flag. 

Note 2. The zero flag is set according to the data set in the accumulator. 

Note 3. The flags (ZF, SF) are set according to the result of increment or 
decrement of the L register. 

Note 4. The carry is the data shifted.out from the accumulator. 

Note 5. The contents of the program counter indicate the next address of 
the instruction to be executed. 
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ABSOLUTE MAXIMUM RATINGS (V S s =OV) 


SYMBOL 

ITEM 

RATING 

UNIT 

vdd 

Supply Voltage 

-0.5 ^ 7 

V 

VIN 

Input Voltage 

-0.5 ^ vdd + 0.5 

V 

V0UT1 

Output Voltage 

(Except open drain terminal) 

-0.5 ^ Vdd + 

V 

V 0UT2 

Output Voltage 

(Sink open drain terminal) 

-0.5 ^ 10 

V 0UT3 

Output Voltage 

(Source open drain terminal) 

-35 ^ vdd + o.5 

PD 

Power Dissipation (Topr=70°C) 

600 

mW 

Ts Id 

Soldering Temperature • Time 

260 (10 sec.) 

°C 

Tstg 

Storage Temperature 

-55 ^ 125 

Topr 

Operating Temperature 

-30 % 70 


RECOMMENDED OPERATING CONDITIONS (V S S =OV) 


SYMBOL 

ITEM 

CONDITION 

MIN. 

MAX. 

UNIT 

Topr 

Operating Temperature 


-30 

70 

°C 

VDD 

Supply Voltage 


4.5 

6 

V 

VDDH 

Supply Voltage (Hold) 


2 

6 

VIH1 

Input High Voltage (Except 
Schmitt circuit input) [Note 1] 

vdd >4.5V 

vdd x o.7 

vdd 

V 

VIH2 

Input High Voltage 
(Schmitt circuit input) 

VddxO .75 

vdd 

V IH3 

Input High Voltage 

v D d < 4.5 

vdd x o.9 

vdd 

VIL1 

Input Low Voltage (Except 

Schmitt circuit input) [Note 1] 

vdd > 4.5v 

0 

vdd x o. 3 

VIL2 

Input Low Voltage 
(Schmitt circuit input) 

0 

VddxO. 25 

VIL3 

Input Low Voltage 

Vdd < 4.5V 

0 

vdd x o. l 

VOUT 

Output Voltage (Source open 
drain Pi, P2, P4^P6) 


vdd-35 

vdd 

V 

fc 

Clock Frequency 


0.4 

4.2 

MHz 

tWCH 

Clock High Pulse Width [Note 2] 

VlN= VlH 

80 

- 

; ns 

;_ 

tWCL 

Clock Low Pulse Width [Note 2] 

ViN= VIL 

80 

- 


(Note 1) 
(Note 2) 


R 4 ^P 6 ports are exclusively used for output except the sink open 
drain output. 

In case of the external clock operation. 
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D.C. CHARACTERISTICS (Vss=OV, V DD = 5V±10%, Topr = -30 ^ 70°C) 


SYMBOL 

Parameter 

condition 

MIN. 

Note 1 
TYP. 

MAX. 

UNIT 

vhs 

Hysteresis Voltage 
(Schmitt circuit input) 


- 

0.7 


V 

I INI 

Input Current 

(K0,RESET,HOLD,TEST) [Note 2] 

Vdd=5.5V, 

Vin=5.5/0V 

- 


±20 

pA 

IlN2 

Input Current 

(Sink open drain R port) 


! ±20 

IlL 

Input Low Current 
(Push-pull Ry^Rg) 

VdD=5.5V, 

Vin=0.4V 


-2 

: 

mA 

RlN 

Input resistor 

(K0 with input resistor) 


30 

70 150 

kft 

IL01 

Output Leak Current 

(Sink open drain P, R port) 

Vdd=5.5V, 

V0UT=5.5V 

_ 

20 

_ 4 —_^ 

pA 

IL02 

Output Leak Current (Source 
open drain Pi,P2>R4 ^R6) 

VDD=5.5V, 

v OUT=-32V 

- 

: -20 

VOH1 

! Output High Voltage 
(Push pull R7 ^ R9) 

VDD=4.5V, 

IOH=-200pA 

2.4 

•- 

- 

V 

V0H2 

Output High Voltage (Source 
open drain P], P2) 

Vdd= 4.5V, 
I0H=-1.6mA 

2.4 

- 


V0H3 

Output High Voltage (Source 

I open drain R/ + % R^) 

Vdd=4.5V, 

IOH=-10mA 

2.4 

- 

- 

v OL 

Output Low Voltage (P, R port 
except source open drain) 

Vdd=^-5v, 
I0L=1.6 mA 

- 

- 

0.4 

IDDO 

Operating Supply 
Current [Note 3] 

VDD(VDDH)=5.5V, fC= 

4MHz, VIN=5.3/0.2V 
(all valid) CL=50pF, 

cxin=Cxout =1 °p f 

- 

5 

T.B.D 

mA 

IDDH 

Holding Supply 

Current [Note 3] 

- 

0.5 

T.B.D 

PA 


(Note 1) TYP. values show those when Topr=25°C, Vq D =5V. 

(Note 2) When the Kq port has a built-in input resistor, current by resistor 
is excluded. 

(Note 3) When K0 port has a built-in input resistor, current value is that at 
time of open. Further, voltage level at R port is valid. 


A. C. CHARACTERISTICS (VSS=0V, VDD = 5V±10%, Topr =-30'W0°C) 


SYMBOL 

Parameter 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tcy 

Instruction Cycle Time 


3.8 

- 

40 

ps 

tSDH 

Shift Data Hold Time 

(Note 1) 

0 . 5tcy-300 

1 

| 

_I_ 

ns 


A.C. TIMING CHART 


• Serial Port (Completion of Transmission) 


SCK 


\ 



T3v~ 

tSDH 


SO 


xzzzx 


X 




(Note 1) SCK, SO terminal 
external circuit 



V D D 

lOkft 

50pF 
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Engineering Samples(ES) of the TMP47C40P, TMP47C20P, TMP47C41P and 
TMP47C21P will be made if you specify the program data and input/output 
circuit format by use of a paper tape. 

The paper tape format is equivalent to the Hex. format of Intel Co. 
(Format I). 

The program data should be specified within the address space corres¬ 
ponding to the built-in ROM capacity; the addresses 000 - 7FF denote the 
address range in the TMP47C20P and TrfP47C2lP. Accordingly, if the PL/ data 
conversion table (addresses FEO - FFF) is used, the table data must be 
assigned as the data located in addresses 7E0 - 7FF. 

1. Specification of input/output circuit format 

The paper tape of Format I starts recording the program data after 
record mark but the input/output circuit code should be specified 

just before the first record mark. 

The "IOC0DE XX" format is used to define the input/output circuit 
code. XX denotes the proper input/output circuit code (two alphabets). 

(Note) If the input/output circuit code is not specified, "IOCODE FA" 

OR "IOCODE HA" are employed. Tt should bo noted that if the 
specified format is different from the standard one, and if the 
specified input/output circuit code is illegal, such specifications 
may be considered to have not been made. 

(Example of tape list) 

TOSHIBA MICROCOMPUTER TLCS-47 
IOCODE FA 

:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67E31F5D8ABA6DF292F113F5C1 
: 100020004FF1F 

:1007E000B53D42E0EC32546025B7308CDD52063D1D 
:1007F000B4BE9E9E345B6138060B20BC372BF60BD6 
:00000001FF 
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tfo3uba 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C.40P 

TMP47C20P 


2. Program tape format (Format I) 



Comment 


CD 

© 


CD 

© 













<® 

© 


' ; 

CD 

© 


.... Leaders 


More than 50 characters of "NULL" 


record mark ":" and 
the input/output 
Comment^ circuit format are 
not included. 

Specification of the 
input/output circuit format. 

Specification of the input^utput circuit 


Not specially 
required. 


It is considered 
to be no specifica¬ 
tion, if not specified. 


format IOCODF XX (XX denotes the input/out 
put circuit code) (It does not matter if I 
there is "NULL" from immediately after CD>J 
© to immediately before record marking.) j 

. . Record mark (start of record) 

Record / t ^ ie num ber °f program data within one record 
••• i engt h ( is represented by two-digit hexadecimal nota 


tion. "00" denotes the end of data. 

(the first address of the record is represented 


Load 

address v by four-digit hexadecimal notation. 


Record ."00" 
type "01" 


Normal record 
End of file record 


(1-byte data is represented by . 
two-digit hexadecimal notation. 

,two-digit hexadecimal notation is used to re-\ 
present the data of the lower-order eight bits ' 
in the value which the data covering from the 
record length up to immediately before the 
checksum is subtracted from the initial 
^value 0. 

Record mark (the same procedure is repeated hereinafter.) 


Checksum 


More than 50 characters of "NULL" 
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INTEGRATE CIRCUIT 


TIWC49P 


TECHNICAL DATA 


TMP47C2QP 



LI ST OF I NSTRUCTIONS 


1“ 

Assembler 

Mnemon i c 

Object Code 

Function 

*1 

Flags 

i 



B 

ina 

ry 

Hexadecimal 

C lassi- 

fi cation 

1 

t 

3yt 

[] 

2nd Byte 

1st 

Byte 

2nd 

Byte 

CF 

2P 

SF 


LD 

A ,@TL 

00 

00 

11 

00 


0 

C 


(AC ) *-M[ ( H • L) ] 

- 

z 

1 

i 


LD 

A , X 

00 

11 

11 

00 

X 7 X 6 X 5 X 4 X 3 X 2 XlX 0 

3 

C 

X H X L 

( AC ) +-M [ x ] 

- 

z 

1 

2 


LD 

HL, X 

00 

10 

10 

00 X7X 6 X 5 X 4 X 3 X 2 XiXo 

2 

8 

X H X L 

( LR) *-M[x'] , (HR) +—M[ x+1 ] , X=X7X 6 X 5 X 4 X3X 2 00 

- 

- 

1 

2 


LD 

a ,#k 

01 

00 

k 3 k 2 kjko 

4 

k 


( AC ) <—k 

- 

z 

1 

1 


LD 

h ,#k 

11 

00 

k3* 2 kik 0 

C 

k 


(HR)-He 

- 

- 

1 

1 


LD 

L ,#k 

11 

10 

k 3 k 2 kiko 

E 

k 


( LR) <—k 

- 

- 

1 

1 


LDL 

A ,@DC 

00 

11 

00 

11 


3 

3 


( AC ) ■«—R0M l [ ( DC ) ] 


z 

1 

2 


LDH 

A ,@DC+ 

00 

11 

00 

TO 


3 

2 


( AC ) HTOMh [ ( UC) ] , (DC ) 4- (DC )+l 

- 

z 

1 

2 


ST 

A ,@HL 

00 

00 

11 

11 


0 

F 


m[(h*l)]<—(ac) 

- 

- 

1 

1 


ST 

A ,@HL+ 

00 

01 

10 

10 


1 

A 


M[(H*L)]+-(AC) , (LR) 4— ( LR) + 1 

- 

z 

c 

1 


ST 

A ,@HL— 

00 

01 

10 

11 


1 

B 


M[ ( H*L) J 4— (AC),(LR)4-(LR) -1 

- 

z 

3 

1 


ST 

A , X 

00 

11 

11 

11 x 7 x 6 x 5 x 4 x 3 x 2 xix 0 

3 

F 

X H X L 

M[x]4—(AC) 

_ 

- 

1 

2 

$ 

ST 

#k,@HL+ 

11 

11 

k3k2kiko 

F 

k 


M[(H*L) J<~k , (LR)4-(LR) + 1 

- 

z 

c 

1 

3 

ST 

#k, y 

00 

10 

11 

oi k 3 k 2 k 1 koy 3 y 2 yiyo 

2 

D 

k y 

M[ y ] 4- k 

- 

- 

1 

2 


MOV 

H , A 

00 

01 

00 

00 


1 

0 


(AC)4~(HR) 

- 

z 

1 

1 


MOV 

L , A 

00 

01 

00 

01 


1 

1 


(AC )♦— (LR) 

- 

z 

1 

1 


XCH 

A , H 

00 

11 

00 

00 


3 

0 


(HR)«ri (AC) 

- 

z 

1 

2 


XCH 

A , L 

00 

11 

00 

01 


3 

1 


(LR) s=s (AC) 

- 

z 

1 

2 


XCH 

A , EIR 

00 

01 

00 

11 


1 

3 


(EIR) (AC) 


- 

1 

1 


XCH 

A ,@iL 

00 

00 

11 

01 


0 

D 


M[(H*L)]d(AC) 


z 

1 

1 


XCH 

A , X 

00 

11 

11 

01 

X 7 X 6 X 5 X 4 X 3 X 2 XlX 0 

3 

D 

X H X L 

M[x]^(AC) 

- 

z 

1 

2 


XCH 

HL, x 

00 

10 

10 

01 XyXgXg x 4 x 3 x 2 x i Xg 

2 

9 

X H X L 

M[x' ]t2(LR) .MCx'+lJ-f?(HR) ,x '=x7x 6 x 5 x 4 x 3 x 2 00 

- 

- 

1 

|JL 


CMPR 

A ,@HL 

00 

01 

01 

10 


1 

6 


null 4—M [ (H«L) ]— (AC) 

B 

z 

z 

i 


CMPR 

A , X 

00 

11 

11 

10 

X 7 X 6 X 5 X 4 X 3 X 2 X 1 X 0 

3 

E 

X H X L 

mi 11 «— M [ x ] — ( AC ) 

T 

z 

z 

2 

S 

CMPR 

A ,#4< 

11 

01 


D 

k 


nul 1 <— k -(AC) 

B 

z 

z 

1 

a 

CMPR 

H ,#k 

00 

11 

10 

00 

11 01 k 3 k 2 kj kg 

3 

8 

D k 

nu 11 ♦— k -(HR) 

- 

z 

B 

2 


CMPR 

L ,#k 

00 

11 

10 

00 

10 01 

3 

8 

9 k 

null 4-k -(LR) 

- 

z 

B 

2 


CMPR 

y >#k 

00 

10 

11 

10 k 3 k 2 kik 0 y 3 y 2 yiy 0 

2 

E 

k y 

nul 14-k —M[y] 

B 

•A 

z 

2 


INC 

A 

00 

"oo" 

10 

00 


0 

8 


(AC)*—(AC) + 1 

T~ 

z 

c 

1 


INC 

L 

00 

01 

10 

00 


1 

8 


(lr) *— ( LR) + 1 

- 

z 

c 

1 


INC 

<gHL 

00 

00 

10 

10 


0 

A 


M[(H*L)]+-M[(H*L)]4-1 

- 

z 

c 

1 


DEC 

A 

00 

"oo" 

10 

01 


~ 

9 


(AC)4- (AC) - 1 

- 

z 

B 

1 


DEC 

L 

00 

01 

10 

01 


1 

9 


(LR)4-(LR) - 1 

- 

z 

B 

• 1 


DEC 

@1L 

00 

00 

10 

11 


0 

B 


M[(H*L)]*-M[(H-L)] —1 

- 

z 

1 

1 


ADDC 

A ,@HL 

00 

"oT~ 

01 

01 


~T 

~5~ 


(AC) *-(AC) + M[(H*L)]+ (CF) 

c 

z 

c 

1 

I 

ADD 

A ,@HL 

00 

01 

01 

11 


i 

7 


(AC) *-(AC) + M[(H*L)] 

- 

z 

c 

1 

£ 

ADD 

A ,#k 

00 

11 

10 

00 

00 00 k^kjko 

3 

8 

0 k 

(AC) 4-(AC) + k 

- 

z 

c 

2 

* 

ADD 

H , #k 

00 

11 

10 

00 

11 00 k 3 k 2 k!k 0 

3 

8 

C k 

(HR)4-(HR)4 k 

- 

z 

c 

2 


ADD 

l ,m 

00 

11 

10 

00 

10 00 k 3 k 2 kjko 

3 

8 

8 k 

(LR) 4— (lr) -I- k 

- 

z 

c 

2 


ADD 

@HL,#k 

00 

11 

10 

00 

01 00 kjk^jko 

3 

8 

4 k 

M[(H.L)]4-M[(H*L)‘J + k 

- 

z 

c 

2 


ADD 

y ,#k 

00 

10 

11 

11 k 3 k 2 kjkoy 3 y 2 yiy 0 

2 

F 

k y 

M[y]*-M[y] + k 

- 

z 

c 

2 


SUBRC A ,@HL 

00 

01 

01 

00 


1 

~4~ 


(AC)<—M[ (H«l) ]—(AC)— (CF) 

B 

z 

B 

1 


SUBR 

a ,#k 

00 

11 

10 

00 

00 01 k 3 k 2 k 1 k 0 

3 

8 

1 k 

( AC ) ♦— k —(AC) 

- 

z 

B 

2 


SUBR <g»L,#k 

00 

11 

10 

00 

01 01 k 3 k 2 k!ko 

3 

8 

5 k 

M[(H«L)]*-k-M[(H»L)] 

- 

z 

B 

2 


ROLC 

A 

00 

00 

01 

01 


r o~ 

5 


Hsu-—C3SZH ( rotate left by 1 bit ) 

C 

z 

C 

1 


RORC 

A 

00 

00 

01 

11 


0 

7 


M AC 1—"4CFI—^ ( rotate right by 1 bit) 

c 

z 

c 

1 


AND 

A ,@HL 

00 

01 

11 

10 


1 

E 


(ac)*-(ac) Am[(h*l)] 

- 

z 

z 

1 

s 

AND 

A ,=#k 

00 

11 

10 

00 

00 11 kjkjjkjko 

3 

8 

3 k 

(AC)*-(ac) A k 

- 

z 

~z 

2 

W) 

AND 

@HL ,#k 

00 

11 

10 

00 

01 11 kskjjkjk,, 

L_L 

8 

7 k 

M[(H*L)]*— m[(H*L)] A k 

- 

z 

z 

2 

J 

OR 

A ,@HL 

00 

"oi" 

11 

01 


i 

D 


(AC)*-(AC) Vm[(H«L)] 

- 

z 

~z 

1 


OR 

A ,#k 

00 

11 

10 

00 

00 10 k 3 k 2 kjk 0 

3 

8 

2 k 

(AC ) < ( AC ) V k 

- 

z 

z 

2 


OR 

@HL,#k 

00 

11 

10 

00 

01 10 k^kjkQ 

|_± 

8 

6 k 

M[(H.L)]4-M[(H*L)] Vk 

- 

z 

z 

2 


XOR 

A ,@HL 

00 

01 

11 

11 


\T 

F 


(ac)4-(ac) Vm[(h*l)] 


z 

7! 

1 







INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C40P 

TMP47C20P 


TEST CP 
TEST A , b 
TEST @HL, b 
TEST y , b 
TEST %p , b 
TEST @L 
TESTP CF 
TESTP ZF 
TESTP OF 
TESTP y , b 
TESTP %p. b 
SET OF 
SET @HL, b 


OUT A ,%p 
OUT @HL,%p 
OUT #k ,%p 
OUTB @HL ' 


Obj e c t Code 

Binary 

Hexade 

cimal 

1st Byte 



2nd Byte 

1st 

Byte 

2nd 

Byte 

00 

00 

01 

10 

_ 


0 

6 


01 

01 

11 

b,b 0 


5 

C+b 


01 

01 

10 

b,b 



5 

8+b 


00 

11 

10 

01 

10 

biboy3y 2 yiyo 

3 

9 

8+b y 

00 

11 

10 

11 

10 

t>lboP3P2PiPo 

3 

B 

8+b p 

00 

11 

01 

11 



3 

7 


00 

00 

01 

00 



0 

4 


00 

00 

11 

10 



0 

E 


00 

00 

00 

01 



0 

1 


00 

11 

10 

01 

11 

bib 0 y3y 2 yiyo 

3 

9 

C + b y 

00 

11 

10 

11 

11 

biboPsPzPiPo 

3 

B 

C+b p 

00 

00 

00 

11 



0 

3 


01 

01 

00 

b,b 



5 

b 


00 

11 

10 

01 

00 

bib 0 y3y 2 yiyo 

3 

9 

b y 

00 

11 

10 

11 

00 

b l b 0P3P2PlP0 

3 

B 

b p 

00 

11 

01 

00 



3 

4 


00 

00 

00 

10 



0 

2 


01 

01 

01 

b,b 



5 

4+b 


00 

11 

10 

01 

01 

b i b oy3y2yiYo 

3 

9 

4+b y 

00 

11 

10 

11 

01 

blhflPsPzPlPO 

3 

B 

4+b p 

00 

11 

01 

01 



3 

5 


00 

11 

01 

10 

11 

r 5r4 r 3 r 2 r lT 0 

3 

6 

c + r H r L 

00 

11 

01 

10 

01 

r sr 4 r 3 r 2 rir 0 

3 

6 

A+r H r L 

00 

11 

01 

10 

10 

r 5 r 4 r 3 r 2 r l r 0 

3 

6 

8+ r H r L 

00 

11 

10 

10 

00 

10 P3P2P1P0 

3 

A 

2 P 

i 00 

11 

10 

10 

01 

10 P3P2P1P0 

3 

A 

6 P 

00 

11 

To” 

10 

lOp^O P3P2P1P0 

~IT 

A 

8+2p- 4 P 

00 

11 

10 

10 

11 p 4 0 P3P2P1P0 

3 

A 

C+2p 4 p 

00 

10 

11 

00 

k 3k 2 kikop 3 p 2 pjPo 

2 

C 

k P 

00 

~oT 

00 

10 



1 

2 


01 

10 

a ll%0^ 9 a 8 a 7 a 6 a 5 a 4 a 3 a 2 a 1 a 0 

6 

a H 

a M a L 

10 

d 5 c 

4d 3 

l 2 di 

»0 


8+d H d L 

00 

10 

0 a 10 a9aga7aga5a4a3a2aja 0 

2 

a H 

a M a L 

01 

11 

nan^no 


7 



00 

10 

10 

10 



2 

A 


00 

10 

10 

11 



2 

B 


00 

00 

00 

00 



0 

0 




(SF)«-(CF),(CF)«-0 
(SF)«~ (AC)<b> 

( sf) ■*— m[ (h« l) ]<b> 

(SF)«-M[y]<b> 

(SF)<- P[p]<b> 

( S F ) «- P [ ( LR)<3 : 2>F4 K( LR)< i : 0» 

(SF)«— (CF) , (CF) •*— 1 
( SF) *- (ZF) 

(SF)<-(OF) 

(SF 1 ) <- M[y ]<b> 

(SF) «- P[p]<b> 

(GF)-l 

M[(H*L) Kb>«-1 
M[y Kb>«- 1 
P[ p ]<b><— 1 

P[ (LR)<3: 2X-4 K( LR)<1: o»+- a 
(gf) <-0 

M[(H«L)Kb>«-0 
M[y ]<b>«- 0 
P[p]<b>—0 

p[ ( lr)<3 : 2>+4 X(LR)<1: o»<- o 

( INTL )<510> •*- ( INTL )<5 : 0>Ar<5 10> ’ 

(eif)*— 1,(1 NTL)<5 : o>«- ( INTL)<5 :d>Ai<5 : d> 
(eif)<- 0 , (INTL )<5 : 0>*~ ( ENTL)<. 5 : 0>Ar<5 :Q> 
(AC)«-P[p] 

M[(H«L)]<-P[p] _ 

p[p]*-(AC) , P =P4*P3P2PlPo 

p[p]<-M[(H*L)] , P = P4*P3 P2 Pi Po 
p[p] «- k 

P[2]«P[1]*-ROM[F«(E+(CF)).M[(h»l) ]] 

If SF=l then(Pc)«—a else null. 

If SF=+ then(Pc)<—a else null,a=(PC )dL:d>d 
STACK[(SPW) ] 4- (PC) , (SFW)<-(SPW) -1 , 

( PC) 4—a, 0 .Z a 2,047 

STACK[(SPW)]«-(PC),(SPW) 4- (SPW)-l, 
(PC)4-a,a=8n+6(nMl) ,134(n=ij) 
(SPW)-<-(SPW) + l , (PC)<-STACK[(SPW)] 
(SPW)«-(SPW) + 1 , (FLAG*PC)«-STACK[(SPW)], 

(EIF)4-1 _ 

no operation 


Note 1. Setting Condition of Flag. 

"C* indicates the carry output from the most significant position 
in the addition operation, and "B” indicates the borrow output from th< 
most significant position in the subtraction operation. 

"Z” indicates the ziero detection signal to which "l” is applied 
only when either the ALU output of the processing result or all 
four bits of the data transferred to the accumulator are zero. 

The flag is set to "C* , "Ef” , "B” , *Z” , "Z” , ”1 ” , or "0" according 
to the data processing rusult. The value specified by the function is 
set to the flag with the mark ,and the mark denotes no change 

in the state of the flag. 

Note 2. The zero flag is set according to the data set in the accumulator. 

Note 3 The flags(ZF,SF)are set according to the result of increment or 














INTEGRATED CIRCUIT 


TECHNICAL DATA 


v$\ 
\%\ 

TOSHIBA MOS TYPE DIGITAL INTEGRATED CIRCUIT vt. 


TMP47C22F 


SILICON MONOLITHIC SILICON GATE CMOS 


CMOS 4-BIT SINGLE CHIP MICROCOMPUTER (TLCS-47C) TMP47C22F 


GENERAL DESCRIPTION 


The TLCS-47 is the high speed and high performance, 4-bit single chip 
microcomputer series designed for general purpose use. 

The TLCS-47 has variously powerful functions in order to meet with the 
advanced and complicated applications, which will be made in near future. 

In addition, software compatible NMOS family (TLCS-47N) and CMOS family 
(TLCS-47C) are also provided. 

The TMP47C22F is a chip countaining LCD driver for the TLCS-47C. The memory 
capacity consists of ROM 2,048 x 8 bits and RAM 192 x 4 bits. The TMP4700C 
(NMOS) is an evaluator chip used for the system development. 

FEATURES 


• 4-bit single chip microcomputer with built-in 

ROM, RAM, input/output port, divider, timer/counter, and serial port. 

• Instruction execution time: 4 ys (at 4 MHz clock) 

• Effective instruction set 

90 instructions, software compatible in the series 
. Subroutine nesting: Maximum 15 levels 
. 6 interrupts (External: 2, Internal: 4) 

Independently latched control and multiple interrupt control 

• Input/output port (27 pins) 

Input 1 port 4 pins 

I/O 4 ports 16 pins 

I/O (Note) 2 ports 7 pins 

Note: These I/O ports are also used for the interrupt input, timer/counter 

input, and serial port; therefore, it is programmably selectable for 
each application. 

• Table look-up and table search function (Instruction) 

Table can be set up in the whole ROM area. 

• 12-bit timer/counter (2 channels) 

Event counter, timer, and pulse width measurement mode is programmably 
selectable. 

• Serial port with 4-bit buffer 

Receive/Transfer mode is programmably selectable. 

External/internal clock and leading/trail!ng edge mode are programmably 
selectable. 

• 18-stage divider (with 4-stage prescaler) 

Frequency applied for timer interrupt of divider is programmably selectable. 

• LCD drive circuit (automatic display) built-in 

• LCD direct drive is available (Max. 12-digit display at 1/4 duty LCD) 

• 1/4, 1/3, 1/2 duties or static drive are programmably selectable. 

• Hold function 

Battery operation/condenser backup is avilable. 

• On Chip oscillator 

• TTL/CMOS compatible 

• +5V single power supply 

• 67-pin flat package 

• Si-gate CMOS LSI 
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Toshiba 


INTEGRATED CIRCUIT 


TMP47C22F 


TECHNICAL DATA 



PIN CONNECTIONS (Top View) 



Pin Names 

No .of 

Pins 

I/O 

Functions 

K03 % Ko 0 

4 

Input 

Input port 

Rz* 3 ^ Rz .0 

4 

I/O 

I/O port 

R53 ^ R50 

4 

I/O 

" 

Re 3 ^ Reo 

4 

I/O 

" 

R73 ^ R70 

4 

I/O 

" 

Ras (Tl) 

1 

I/O 

I/O port or timer/counter input 

R 82 (INTI) 

1 

I/O 

I/O port or interrupt input 

Rai (T 2 ) 

1 

1/0 

I/O port or timer/counter input 

Rao (INT2) 

1 

I/O 

I/O port or interrupt input 

R92 (SCK) 

1 

I/O 

I/O port or shift clock for serial port 

R91 (SO) 

1 

I/O 

" or serial output 

R90 (SI) 

1 

I/O 

or serial input 

SEG 2 3 'X'SEGo 

24 

Output 

LCD Segment driver output 

COM*, ^COMi 

4 

Output 

LCD Common driver output 

XlN, XouT 

2 

Input, 

Output 

Resonator connection terminal 

RESET 

1 

Input 

Initialize signal input 

HOLD 

1 

Input 

Hold signal input 

TEST 

1 

Input 

(Low level is input.) 

vdd 

1 

Power 

supply 

+5V 

vss 

1 

Power 

supply 

OV 

VLC 

1 

Power 

supply 

LCD drive power supply 






<p 06 hiha 


INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C22F 



BLOCK 01A ORAM. 


RESET 
TEST . 

XlN ■ 
x OUT • 




| DC 

RAM 

1 TCi 

1 tc 2 

1-- 

l JSPW 


I STACK 


Pi 


M 

W 

INTR 


control 




SEG 

J 

3 _ 1 

\ R* 1 R 5 1 


R 7 


V SS 


■ R 92 (SCK) 

■ R9l(S0) 

- R 90 (SI) 

-R S3 ( T 1 ) 

- R 8 2 (INT 1 ) 
•Rbi(T 2 ) 

R 8 o(INT 2 ) 


s o 
o o w w 

O O C/3 CO 


p4 ^pi pi % pi pi ^pi pi % pi 


3L0CK NAME AND DESCRIPTION 


Block Names 

Functions 

PC 

Program counter (12 bits) 

ROM 

Program memory 

IR, decoder 

Instruction register. Decoder 

HR, LR 

H register (Page assignment of RAM), L register (address 
assignment in RAM page), (each 4-bit register). 

RAA 

RAM address buffer register (8 bits) 

RAM 

Data memory 

STACK 

Save area of program counter and flags(RAM area) 

SPW 

Stack pointer word (RAM area) 

DC, data table 

Data counter (12 bits,RAM area). Data table (ROM area) 

AX, AY 

Tempoerary register of ALU input 

ALU 

Arithmetic and logic unit 

AC 

Accumulator 

FLAG(CF,ZF,S F,GF) 

Flags 

K, R 

Ports 

INTR control 

I Interrupt control 

(EIF: Enable interrupt master F/F, EIR: Enable inter¬ 
rupt register'' 

FD 

Frequency divider (4-stage prescaler + 18 stages) 

TCi, TC 2 

12-bit timer/counter 2 channels (RAM area) 

TC control 

Timer/counter control 

SIO control 

Serial port control 

LCD drive control 
(COM,SEG) 

LCD drive control 

HOLD control 

Control of hold function 

SYS CONTROL 

Generation of various internal control signals 

CG, TG 

Clock generator, timing generator 
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FUNCTIONAL DESCRIPTION 

Concerning the TMP47C22F, the configuration and functions of 
hardwares are described. 

As the description has been provided with priority on those 
parts differing from the TMP47C20P (The TLCS-47C standard chip), the 
technical material for the TMP47C20P shall also be referred to. 


I. System Configuration 

The configuration will be explained with priority given primarily 
to the LCD drive circuit. 

1.1 Program Counter (PC), Program Memory (ROM) 

The TMP47C22F is in 32 page configuration in a unit of 64 
words per page with the built-in 12 bit program counter and 2,048 
x 8 bit (000 ^ 7FF addresses) program memory. 

Further, as the TMP47C22F has no built-in output ports Pi 
and P2, the instruction (OUTB @HL) and PLA data conversion table 
cannot be used. 

The relationship between ROM capacity and addresses is shown in 
Fig. 1.3.1. 

1.2 H Register (HR), L Register (LR) 

The H and L registers are 4-bit registers used as the data 
memory address pointer or general purpose registers, respectively. 
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The TMP47C22F contains a data memory with 192x 4-bit (ad¬ 
dresses 00^ BF) and is in 12 pages configuration in a unit of 
16 words per page. 


On the other hand, since RAM address buffer register (RAA) 
has 8 -bit length, addresses CO^ FF have no physical RAM, but the 
higher order 2 bits (RAA 7 and RAA 5 ) are decoded to [(00), (01) 
and ( 1 *). * denotes "don’t care."]; therefore, when addresses 
CO^FF are accessed on a program, RAM equivalent to addresses 
80^ BF is accessed. In other words, on a program a specific ad¬ 
dress of RAM is addressed to addresses CO^FF, while on the TMP 
47C22F, RAM equivalent to addresses 80 ^ BF is allocated. 

The relationship between RAM capacity and addresses is shown 
in Fig. 1.3.1. 


Address 

ROM 



Address 

RAM 

000 




00 



Program 




.Data. 


( data ) 




area ; 


* « 



( 


) 



— 

1 

* ** 

7FF 




J 


800 


J 


7F 


(= 000 ) 




80 






f 

Specific 




address 


T 


BF 

area 

\ 



1 

CO j 

1 

) 




(=80)! 

--- -J 




/Image of ad- x ) t ^ 

FFF 



( dresses 000 I FF 

1 

(=7FF) 


J 

' — 7FF ' (=BF) 



,Image of ad-\ 
( dresses 80 ~ J 
BF 


Fig. 1.3.1 ROM/RAM Capacity and Addresses 
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1.4 ALU, Accumulator (AC), Flag (FLAG) 

The ALU is a circuit used for various operation for 4-bit binary 
data. It performs the operation designated by the instruction, and 
outputs the 4-bit result, carry (C), and zero detection signal (Z). 

The accumulator is a 4-bit register to use a source operand for 
the arithmetic operation, and in which the result is stored. 

Flag is a 4-bit register used to store the conditions of arithmetic 
operation, and of which the set/reset conditions are specified by the 
instruction. The flag consisting of CF, ZF, SF, and GF is saved, in 
the stack when the interrupt is accepted. By executing the (RETI) 
instruction, it is restored from the stack to the condition immediately 
before the interrupt is accepted. 

1.5 Port (PORT) 

Data transfer to/from the external circuitry, and command/status/ 
data transfer between of the built-in peripheral circuitry are carried 
out by the input/output instructions. 

Since the TMP47C22F has no built-in outputs ports P^ and 
(OUTB @HL) instruction cannot be used; therefore 12 kinds of instructions 
become available as effective input/output instructions. 

The details to specify the input/output circuit format of ports 
and initialization of the output latches are 2.3 Input/Output Port 
(Input/Output Circuit Format). 
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I 


Port 

ad¬ 

dress 

Symbol 
(Input/ 
Output) 

Port,Register 
(Input/Output) 


Input/Output 

Instructions 


IN %P, A 

IN %P,@HL 

OUT A , %P 
OUT@HL,%P 

OUT#K,%P 

OUTB @HL 

SET %P,bl TEST %P,b 
CLR %P,b TESTP%P,b 

SET @L 

SsIt 1l 

00 

IPOO/OPOO 

K 0 Input port/ 

0 





0 


01 

IP01/OP01 

- 








02 

IP02/OP02 

- 








03 

IP03/OP03 

- 








04 

IP04/OP04 

R 9 I/O port 

0 

0 

0 


0 

0 

0 

05 

IP05/OP05 

r 5 

0 

0 

0 


0 

0 

0 

06 

IP06/OP06 

R 6 " 

0 

0 

0 


0 

0 

0 

07 

IP07/OP07 

R 7 " 

0 

0 

0 


0 

0 

0 

08 

IP08/OP08 

R s " 

0 

0 

0 


0 

0 


09 

IP09/OP09 

r 9 m 

0 

0 

0 


0 

0 


0A 

IP0A/OP0A 

- 








0B 

IP0B/OP0B 

_ 








OC 

IP0C/OP0C 

_ 

(*) Serial buffer register (Reception) 



0D 

IP0D/OP0D 

_ 

(**) Serial buffer register (Transmission) 



0E 

IPOE/OPOE 

Status input/ - 

0 





0 


OF 

IP0F/OP0F 

(*) / (**) 

0 

0 

0 




10 

/OP 10 

/Hold control 


0 





11 

/OP11 

/ 








12 

/ OP12 

/ 








13 

/OP13 

/ 

(a) Control with 

timer interrupt of divide 

r 


14 

/ OP14 

/ 

(b) LCD drive control (1), 

(2) 




15 

/ OP15 

/ 

(c) Timer/counter 1 control 




16 

/ OP16 

/ 

(d) Timer counter 2 control 




17 

/OP17 

/ 

(e) Serial port control 





18 

/OP18 

/ 








19 

/ OP19 I 

/ (a) 


0 






1A 

/ 0P1A 

/ (b) (1) 


0 






IB 

/ OP1B 

/ " (2) 


0 






1C 

/OP1C 

/ (c) 


0 






ID 

/ OP ID 

/ (d) 


0 






IE 

/OPlE 

/ 








IF 

/ 0P1F 

/ (e) 


0 








n 

x 

z 

n 

> 


Q 

> 

> 



—o 

-Cr 

c~> 

hO 

hO 


Note 1: Inputs (IPIO^IPIF) of port addresses 10 ^ IF remain undefined. 

Note 2: Port addresses with mark are reserved addresses and cannot be used user’s program. 
Table 1.5.1 Port Address Allocation and Input/Output Instructions 








(1) KO (K03 % K00) Port 

This is a 4-bit port used for input. 

(2) R 4 (R4 3 ^R4o),R 5 ^53^50)^6 (R63^R60), R7 (R73^R70) Port 

Each of these ports is a 4-bit I/O port with a latch. 

The latch should be set to "1" when the port is used as an 
input port. 

Pins R 73 - R 40 can be used for bit scanning for set/reset 
and test according to the contents of the L register by ex¬ 
ecuting the (SET @L), (CLR @L) and (TEST @L) instructions. 

(3) Rg (R83 a ' R 80) Port 

This is a 4-bit I/O port with a latch. The latch should be 
set to " 1 " when the port is used as an input port. 

It is a port common to external interrupt input or external 
timer/counter input. When it is used as normal I/O port, 
some measures, such as inhibition of the external interrupt 
input acceptance or disable of the mode depending on the 
external input of the timer/counter should be taken in a 
program. 

(4) R 9 (R92^R90) Port 

This is a 3-bit I/O port with a latch, and the latch must be 
set to ” 1 " when it is used as input port. 

The R 9 port is also used as serial port. The port used as 
normal I/O port is not entirely influenced by disabling the 
serial port. 

Pin R 93 is not mounted in the port, but "l" is read by ac¬ 
cessing to pin R 93 in a program. 
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Interrupt factors are composed of two from the external circuitry, 
and four from the internal circuitry. By setting the interrupt latch 
provided for each factor, an interrupt is generated to the CPU. 

The interrupt latch is set when the edge of the input signal is detected. 

1.7 Frequency Divider (FD) 

The divider (FD| - FD|g) is made up 18-stage binary counter, and 
its output is used to generate various internal timing. 

1.8 Timer/counter (TC^, TC 2 ) 

Two channels of 12-bit binary counter is contained to count time or 
event. 

Count Operation 

When the rising edge of the count pulse is detected, the count latch 
is set to send a count request to the CPU. 

The maximum frequency applied to the timer/counter is as follows. 

In the timer mode, the maximum frequency is determined by a command. 

The maximum frequency applied to the external input pin in the pulse 
width measurement mode should be the frequency level available for 
analyzing the count value in the program. 

Normally, the frequency sufficiently slower than the disignated 
internal pulse rate is applied to the external input pin. 

The maximum frequency applied to the external input pin under the 
event counter mode is dependent upon the operating state of the LCD 
drive circuit. 
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(a) At time of blanking operation 

Frequency applied at time of a single channel operation is 
fc/64 Hz. When 2 channels are operated simultaneously, 
timer/counter 1 is fc/64 Hz and timer/counter 2 is fc/80 Hz. 

(b) When LCD display is enabled 

Frequency applied at time of a single channel operation is 
fc/128 Hz. When 2 channels are operated simultaneously, 
both timer/counter 1 and timer/counter 2 are fc/144 Hz. 

1.9 Serial Port (SIO) 

A 4-bit serial port with a buffer is provided to transfer 
the serial data from/to the external circuitry. According to the 
contents of the command register, either one of transmit mode, receive 
(trailing edge shift) mode or receive (leading edge shift) 
mode can be selected. 


1.10 Hold Control Circuit (HOLDC) 

The hold function is the function to hold the status imme¬ 
diately before the system operation is stopped at low power con¬ 
sumption making the most of the features of CMOS. 

The hold function is controlled by HOLD terminal input and com¬ 
mand register. 
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The TMP47C22F has the built-in circuit that directly drives the 
liquid crystal display (LCD) and its control circuit. 

The TMP47C22F has the following connecting terminals with LCD: 

(a) Common output terminals (COM^ - COM 4 ) 

(b) Segment output terminals (SEGq - SEG23) 

In addition, Vlc terminal is provided as the drive power terminal. 

As display data transfer operations to the drive circuit are 
entirely executed by the hardware automatically on the TMP47C22F, it 
is possible to illuminate LCD if only display data is stored in the 
data memory. 

The devices that can be directly driven is selectable from LCD 
devices of following drive methods: 


(a) 

1/4 duty (1/3 bias) 

LCD 







Max. 96 segments (12 digit* 

3 x 8 

1 segments) 

can be driven 

(b) 

1/3 duty (1/3 bias) 

LCD 







Max. 72 ssgments (8 

digits 

x 9 

segments) 

can 

be 

driven. 

(c) 

1/2 duty ( 1/2 bias) 

LCD 







Max. 48 segments (6 

digits 

x 8 

segments) 

can 

be 

driven. 

(d) 

Static LCD 








Max. 24 segments (3 

digits 

x 8 

segments) 

can 

be 

driven. 
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Reset control 


TMP47C22F 


^Odfuba 


INTEGRATED CIRCUIT 

TECHNICAL DATA 



(1) Circuit configuration 

The LCD drive circuit consists of the function blocks shown 
in Fig. 1.11.1. 



Fig. 1.11.1 LCD Drive Circuit 










The operation of LCD drive circuit is controlled by the command. 

The command registers are accessed as port addresses OPlA and 0P1.B, 
and are reset to "8" and "0" at initialisation, respectively. 


Command 
register 1 
(Port ad¬ 
dress OPlA) 


MSB 
3 2 


LSB 

1 0 


Selection of LCD drive frequencyj 


JO : Frame frequency is based on fc/l^Yiz. 
\l : » fc/2l%z. 

(fc: Basic clock frequency) 


Designation of display data address bank 


qqq . .Display area in data memory is 
^designated as addresses 00^17 


001 : 
010 = 
011 : 
100 : 
101 : ( 
110 : ( 
111 : ( 


20 n, 37 
40 n, 57 
60 ^ 77 
80 ^ 97 
A0 ^ B7 ) 
CO n, D7 ) 
E0 n, F7 ) 


Command 
register 2 
(Port ad¬ 
dress OP IB), 


MSB LSB 

3 2 10 


EDSP 


DTY 


Note: The areas in parenthese are not 

actually designated. 


(*: Don't care) 

Designation of driving method 


000 : 1/4 duty LCD driving method is designated, 
001 : 1/3 
- 010 : 1/2 

Oil : Static LCD driving method is designated. 
1** : Designation of driving method is held. 


Display Control 


f 0 : Blanking is applied or continued. 

: ^ _ Blanking is released and enables LCD 

l ‘ display. 


Fig. 1.11.2 Control of Drive Circuit 
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The LCD drive method is selected according to DTY of command register 2. 
DTY is reset to "0" at initialization. 

The drive method is initialized according to a LCD used in the initial 
program. (In the case of a 1/4 duty LCD, it is set at initialization.) 
Thereafter, DTY sets disable code only. 

Examples of LCDs and their drive waveforms are shown in Fig. 1.11.3. 


1/fp 



(a) 1/4 duty (1/3 bias) drive 
1/fF 


1 -1—1 

“ V LCD 

1 1 1 1 1 i 0 

- Data "1" 

IZJ tzI 1_1 _ 

Data "0" — -V LCD 


(b) 1/3 duty (1/3 bias) drive 

, 1/fF 


Data "l" 


Data "0" 


V LCD 

0 

~ V LCD 


(c) 1/2 duty (1/2 bias) drive 
1 /fp 

h-—H_ 


Data "1" 


Dath ”0" 


— vlcd 

— 0 

V LCD 


(d) Static drive 

(Note) f F : LCD Frame frequency, Vl^j^V-qd-Vlc 
F ig. 1.11.3 LCD Drive Waveform (COM-SEG Terminals) 
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Frame frequency (LCD drive frequency) is given by the built-in 
frequency divider. It is possible to select base frequency (either one 
of 2 kind frequencies obtained from the divider) by SLF of command 
register 1. SLF is reset to "0" at the initialization. 

Frame frequency (fp) is set according to the drive method and base 
frequency as shown in the following table: 


SLF 

Base fre- 

Frame Frequency (Hz) 

quency(Hz) 

1/4 Duty 

1/3 Duty 

1/2 Duty 

Static 


fc 

f c 

4 „ fc 

4 . f c 

fc 

0 

215 

215 

3 215 

2 215 

215 


(f c =4 MHz) 

= 122 

4 163 

4 244 

= 122 


fc 

fc 

4 f c 

4 # fc 

fc 

1 

2 14 

2 15 

I’ ^15 

2 ‘ 2 15 

215 


(f c =2 MHz) 

4 122 

= 163 

= 244 

= 122 


(f c : Basic clock frequency) 


Table 1.11.1 LCD Frame Frequency Setting 




LCD drive voltage 

The Vlc terminal is the LCD drive power terminal. LCD 
drive voltage (Vlcd) is given by Vdd ~ Vlc- Therefore, if CPU 
operating voltage and LCD drive voltage are same, connect the 
Vlc terminal to the Vss terminal. 

Drive voltage applied to the LCD drive circuit is internally 
turned ON/OFF according to the operating state of CPU. That is, 
at the time of initialize operation and hold operation, the built- 
in power switch is automatically turned off to cut off drive 
voltage. 

The LCD power switch turned off by the initialize operation 
is automatically turned on when EDSP (MSB of command register 2) 
is set at "1" and voltage is applied to the drive circuit. 
Thereafter, as the power switch is not turned off by the blanking 
control by means of a program, drive voltage is kept applied to 
the drive circuit. 

On the other hand, the power switch is also turned off at 
the time of the hold operation, LCD display is turned off and the 
hold operation is executed at low power consumption. After the 
hold is released, the TMP47C22F is automatically returned to the 
state immediately before the hold operation was started. 

Further, when the built-in power switch is OFF, VpL level 
voltage is generally at either COM terminals or SEG terminals. 
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Display data is stored in the display area (max. 24 words) 
in the data memory. The conversion process of ordinary data into 
LCD display data is executed by instructions (ROM data referring 
instruction is mainly used.). 


Display data converted and stored in the display area is 
automatically transfered to the LCD drive circuit and displayed 
by the hardware without any participation by a program. 

Therefore, change of display pattern is possible by changing only 
data in the display area in the data memory by a program. 

The LCD segment (dot) corresponds to each bit in the display 
area in the data memory on the one-for-one basis. This relation 
is shown in Fig. 1.11.4. 



(SEG 0 ) 

(SEGl) 

(SEG 2 ) 

(SEG 3 ) 


(SEG 22 ) 

(SEG23) 


(COM4)(COM 3 ) (C0M2)(C0Mi) 


Fig. 1.11.4 LCD Diaply Data Area (Data Memory) 
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Where, each bit of the display data memory shows data of segment 
(dot) equivalent to SEGi, COMj (0 £ i 5 23, 1 < j < 4), and when 
data is "1", the LCD illuminates. 

Number of segments that can be driven varies depending upon the 
LCD drive method. This denotes that even in the display area of the 
data memory, number of bits used for storing display data varies. 

(a) 1/4 duty LCD (COM^ - COM^ are used) 

All bits in the display area becomes display data. 

(b) 1/3 duty LCD (COM3 “ C0M 1 are used) 

Bit 2 - Bit 0 only become display data. 

(c) 1/2 duty LCD (COM 2 - COMj^ are used) 

Bit 1 and Bit 0 only become display data. 

(d) Static LCD (COM]! only is used) 

Bit 0 only becomes display data. 

Therefore, the data memory bits that are not used for storing 
display data or are equivalent to addresses to which no LCD is connected 
in the display area can be used for storing ordinary user’s processing 
data. 


As stated above, the data memory is used for storing display data 
(max. 24 words), and it is possible to set an address space in the data 
memory, to which this display area is to be set, by DAB of command 
register 1 (See Fig. 1.11.2.). 

As the command register 1 is reset at "8" at initialization, the 
display area is initialized to 80 - 97 addresses. 
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Transfer of display data 

Display data that has been set in the display area of the data 
memory is automatically transfered to the drive circuit. 

This operation is executed in the following sequence. 

A display data transfer request is sent from the LCD drive circuit 
to CPU. Upon completion of an instruction under execution (if the timer/ 
counter processing and the interrupt acceptance processing exist, after 
they are executed), CPU sends segment (dot) data in the display data area 
to the drive circuit in one instruction cycle. 

This data sending cycle is taken place when drive voltage is kept 
applied to the LCD display drive circuit. Therefore, after intialize 
operation, this cycle is not taken place until EDSP is set to M 1 M . 

Frequency of data sending cycle insertion is as follows: 

(a) In case of other than static drive at SLF=0, 24 times in 512 
instruction cycles. 

(b) In case of static drive at SLF=0, 24 times in 2,048 instruction 
cycles. 

(c) In case of other than static drive at SLF=1, 24 times in 256 
instruction cycles. 

(d) In case of static drive at SLF=1, 24 times in 1,024 instruction 
cycles. 

Therefore, when LCD display is enable, the apparent speeds in above 
cases are decreased by 4.9, 1.2, 10.3 and 2.4%, respectively. For instance, 
in case of other than the static drive at SLF=0. The apparent speed is 
4.2 ys to 4 ys instruction execution speed. 
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Blanking Operation 

When EDSP (MSB of command register 2) is reset to "0", the 
LCD display becomes blank. EDSP is reset to "0” at initializa¬ 
tion. 


The blanking operation turns off the LCD by conditioning 
non-lighting operation level voltage to COM terminals. On the 
other hand, the SEG terminals are kept continued at normal operat¬ 
ing state. (In the case of static drive, no voltage is applied 
to COM-SEG terminals when the LCD is turned off by data, however, 
as the blanking operation keeps the COM terminal at constant 
Vlcd/ 2 level, the LCD is turned off and the state between COM- 
SEG terminals where the LCD is driven by Vpcj)/2. Therefore, 
note that the display state is somewhat different in these cases.) 

For drive waveforms, refer to Figl 1.11.6 - Fig. 1.11.9. 

When EDSP is set at "1", the LCD display is enabled and the 
LCD display is made according to data stored in the display area 
of the data memory. 

Further, when EDSP is initially set at "1" after the ini¬ 
tialization, the LCD power switch is also turned ON and drive voltage 
is applied to the drive circuit. 


LCD Display Control by Program 

Provided that EDSP has been set at "1", the LCD is automat¬ 
ically turned ON according to data stored in the display area of 
the data memory. However, prior to actual display operation it 
is normally necessary to initialize as shown in Fig. 1.11.5. 
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To drive the 1/4 duty LCD, 80 - 97 addresses in the display 
area of the data memory are used, and to operate it at SLF = 0 
(low speed operation), when EDSP is set to "1" after initializa¬ 
tion of data in the display area, the display operation is started. 



(* : Setting command) 


Set "00**" at port address 
OPIB. [Note 1] 

(Thereafter, use 1 * 1/0 1** M 
only. 


: Set "****" at port address 
0P1A. [Note 2] 


: Set ”11**" at port address 
0P1B. 


[Note 1] Classification of commands for port address 0P1B. 

"OOOO" '^"OOll" : Setting of LCD drive method 
"01**" : Blanking by program 

"11**" : Releasing of blanking (display enable) 

"10**" : Cannot be used 

[Note 2] Normally, only one time of setting is required at the time of 

initialization, but as an exception, commands should be set at port 
address 0P1A under the blanking state whenever the display area 
are switched. 

Fig. 1.11.5 Initialization of LCD Drive by Program 
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Examples of display data when a numeral display is made by 
using the 1/4 duty LCD are shown in Table 1.11.2. For the connect¬ 
ing method of COM terminals and SEG terminals, the example shown in 
Fig. 1.11.6 is used. 


Nu¬ 

meral 


Display data memory 

Nu¬ 

meral 


Display data memory 

Display 

High order 
address 

Low order 
address 

Display 

High order 
address 

Low order 
address 

0 

n 

u. 

110 1 

1111 

5 

r 

j 

10 11 

0 10 1 

1 

/ 

/ 

0 0 0 0 

0 110 

6 

b 

1111 

0 10 1 

2 

i 

r 

1110 

0 0 11 

7 

n 

i 

0 0 0 1 

-0111 

3 

~i 

Zf 

10 10 

0 111 

8 

n 

u 

1111 

0 111 

4 

U 

/ 

0 0 11 

0 110 

9 

n 

_i 

10 11 

0 111 


Table 1.11*2 Examples of Display Data (1/4 Duty LCD) 


Further, examples of display data when a numeral display similar 
to Table 1.11.2 is made by using the 1/3 duty LCD are shown in Table 
1.11.3. For the connecting method of COM terminals and SEG terminals, 
the example shown in Fig. 1.11.7 is used. 


Nu¬ 

meral 




Display 

data 

memory 




Nu¬ 

meral 




Display 

data 

memory 



High 

order 

Middle 

or- 

Low 


order 

High 

order 

Middle 

or- 

Low 


order 

address 

der address 

address 

address 

der address 

address 

0 

* 

* 

1 

1 

* 

1 

0 

1 

* 

1 

1 

1 

5 

■k 

k 

0 

1 

k 

1 

1 

1 

* 

0 

1 0 

1 

* 

k 

0 

0 

* 

0 

0 

0 

* 

0 

1 

1 

6 

k 

k 

1 

1 

k 

1 

1 

1 

k 

0 

1 0 

2 

* 

* 

1 

0 

* 

1 

1 

1 

* 

0 

0 

1 

7 

k 

k 

0 

1 

k 

0 

0 

1 

k 

0 

1 1 

3 

* 

* 

0 

0 

* 

1 

1 

1 

* 

0 

1 

1 

8 

k 

k 

1 

1 

k 

1 

1 

1 

k 

0 

1 1 

4 

* 

* 

0 

1 

k 

0 

1 

0 

* 

0 

1 

1 

9 

k 

k 

0 

1 

k 

1 

1 

1 

k 

0 

1 1 


(* : don't care) 

Table 1.11.3 Examples of Display Data (1/3 Duty LCD) 
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INTEGRATED CIRCUIT 

TMP47C22F 

TECHNICAL DATA 


Display Output 

The following are the examples of display output from LCD drive 
circuit according to each drive method. 

1/4 Duty (1/3 Bias) Drivel 



IJ 

o 


(Display data memory) 


Address Data 


COMi - SEG 0 
( Selected) 


—vi 
=VDD-VLC) 



COM 3 - SEGi — =1 - tzzrtzh 

(Non-selected) 

(a) Example of connection (b) Example of drive output 

and display character 


Fig. 1.11.6 Example of 1/4 Duty LCD Display Output 







INTEGRATED CIRCUIT 


TECHNICAL DATA 


1/3 Duty (1/3 Bias) Drive 


TMP47C22F 



u 

LI 


(Display data memory) 


Address Data COM^ SEGj- 

0 I *(0)1 0 I (Selected) 


^LC 

=V DD -Vlc) 



(*: Don’t care) 


COM2 - SEG2- 


(Non-selected) 
(a) Example of connection 
and display character 


(b) Example of drive output 


Fig. 1.11.7 Example of 1/3 Duty LCD Display Output 



INTEGRATED CIRCUIT 


\ vjL 


TFIP47C22F 


TECHNICAL DATA 




1/2 Duty (1/2 Bias) Drive 





_ v LC 

— V D1 


IJ 

Q 


(Display data memory) 
Address Data 

0 I * * 0 1 I 


* * 0 

1 

* * 0 

1 

* * 1 

0 

* * 1 

1 


COMx - SEGo 
(Selected) 



(* : Don’t care) 


COM 1 _ SEG2— 
(Non-Selected) 


: Vdd-vlc) 
— VLC 


— -Vi 

— V T 


(a) Example of connection 
and display character 


(b) Example of drive output 


Fig. 1.11.8 Example of 1/2 Duty LCD Display Output 








INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP47C22F 


Static Drive 


-a (m 


_SE G^jj 

SEG-fi^ 



IJ 

U 


(Display data memory) 
Address Data 


[I 

* 

* 

n 

| * * * 0 1 

* 

* 

* 

1 

* 

* 

* 

1 

* 

>v 

* 

0 

* 

* 

* 

1 

* 

* 

* 

1 

~iT 



0 


COM! - SEGq 
(S elected) 

COMi - SEG 4 - 

(Non-Selected) 



(b) Example of drive output 


(* : Don't care) 

(a) Example of connection 
and display character 


— V LC 
=VDD-VLC) 

— V LC 

-- 0 


Fig. 1.11.9 Example of Static LCD Display Output 




2.1 Instruction cycle, basic clock generation 

As the oscillation circuit has been built in, when the external 
(Xjn> XoUT) are connected to the oscillator, required clocks can be 
easily obtained. Further, this oscillation circuit is the Schmitt 
circuit. The clocks obtainable from the oscillation circuit are 
called the basic clock (CP, fc Hz). The basic clock is input into 
the timing generator and system control circuit from where various con¬ 
trol signals are generated. 

The instruction execution and the internal hardware control 
are synchronize'd with the basic clock. An instruction cycle con¬ 
sists of four machine cycles (M^ ^ M4), and each machine cycle re¬ 
quires four basic clock times. 


2.2 Initialization operation. Hold function, interrupt input and others 

Initialization operation is performed by keeping the RESET 
pin to the low level. By this initialize operation, the internal 
registers are initialized and at the same time, the LCD power 
switch is turned OFF. Further, no pull-up resistor is built in 
the RESET termianl of the TMP47C22F. 

The hold function is the function to hold the status just 
before the system operation is stopped at low power consumption 
by making the most of the features of CMOS. The HOLD terminal 
is the signal input for the hold operation request and hold opera¬ 
tion release request. 
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Two pins (INTi, INT2) are provided for the external inter¬ 
rupt input. Since these pins are common pins with Eg port, they can 
be used as I/O pins respectively, if not used as the 
interrupt input pins. The interrupt latch is set by the falling 
edge of the external interrupt inputs. 

The TEST terminal is used at time of the shippint test. 

When a user's system is to be operated, low level voltage should 
be positively applied. Further, the TEST terminal of the TMP 
47C22F has no built-in pull-down resistor. 
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INTEGRATED CIRCUIT 


TMP47C22F 


TECHNICAL DATA 



2.3 Input/Output port 

Input/output Circuit Format 

The input/output circuit format of the input/output port is shown following 
For the TMP47C22F, any of the input/output circuit systems shown in the follow¬ 
ing tables can be selected. You can specify your input/output circuit system 
when requesting the program tape. "IOCODE GD" is employed if not specified. 


Input/Output Circuit Code (IOCODE) GA j 

cuit 

Input 

(K 0 ) 

I/O 

(R^,R 5 ,R 6 ) 

I/O 

(R 7 ) 

I/O 

(r 8 ,r 9 ) 

I/O 

equiv¬ 

alent 

cir¬ 

cuit 

R 

Qavv-H^ 

R = lkfi (TYP.) 

-1 

R = lkft (TYP.) 

- J 

R = lk(TYP.) 

— 

R= lkfi (TYP.) 

Remark 

o No resistor 

is contained 

o Sink open 
drain output 

o Output latch 
is ini¬ 
tialized to 
the high level 

o Sink open 
drain output 

o Output latch 
is ini¬ 
tialized to 
the high level 

o Schmitt cir¬ 
cuit input 

o Sink open 
drain output 

o Output latch 
is initialized 
to the high level 


Input/Output Circuit Code (IOCODE) GD 

Cir^Port 

cuit 

Input 

(K 0 ) 

I/O 

fR„,R 5 ,R 6 ) 

I/O ! I/O 

fP 7 ) (Rs.Rs) 

I/O 

equiv¬ 

alent 

cir¬ 

cuit 

R 

Q-vvv-(>ck^>~ 

R = lkfi (TYP.) 

?v DD 

-<]o-o<l-^ 

R = lkfl (TYP.) 

R = lkfi (TYP.) 

—4—J 

R = lkfi (TYP.) 

Remark 

o No resistor 
is contained 

o Push-pull 
output 

o Output latch 
is ini¬ 
tialized to 
the high level 

o Sink open 
drain output 

o Output latch 
is ini¬ 
tialized to 
the high level 

o Schmitt cir¬ 
cuit input 

o Sink open 
drain output 

o Output latch 
is initialized 
to the high level 






INTEGRATED CIRCUIT 


TMP47C22F 



TECHNICAL DATA 


Input/Output Circuit Code (IOCODE) GB 

cir--R rt 

cuit 

Input 

(Ko) 

I/O 

(R*,R 5 ,R 6 ) 

I/O 

(R?) 

O P? 

1—1 CO 

P4 

I/O 

equiv- 

? V DD 

R | RlN 

| |— 

f 1 



alent 

cir¬ 

cuit 


— rjLI 



R IN = 70kft(TYP.) 
R = lkfi (TYP.) 

u n| 

R = lkfi (TYP.) 

R = lkfi (TYP.) 

R = lkfi (TYP.) 

Remark 

o Pull-up re¬ 
sistor is 
contained 

o Sink open 
drain output 

o Output latch 
is ini¬ 
tialized to 
the high level 

■ o Sink open 
drain output 

o Output latch 
is ini¬ 
tialized to 
the high level 

o Schmitt cir¬ 
cuit input 

o Sink open 
drain output 

o Output latch 
is initialized 
to the high level 


Input/Output Circuit Code (IOCODE) GC 

"\Port 

CUlt 

Input 

(Ko) 

I/O 

(Rz,, R5 > R 6 ) 

I/O 

(R 7 ) 

I/P 

(Ra.Rs) 

I/O 

equiva¬ 

lent 

R 




1 r-vw-rq>o— 

F" 



cir¬ 

cuit 


"n ?R 

f 

& J 

RIN= 70kfi(TYP.) 
R= lkft (TYP. ) 

R= lkfi (TYP.) 

R = lkft (TYP.) 

R= lk(TYP. ) 

Remark 

o Pull-down re¬ 
sistor is 
contained 

0 Sink open 
drain output 

0 Output latch 
is ini¬ 
tialized to 
the high level 

0 Sink open 
drain output 

0 Output latch 
is ini¬ 
tialized to 
the high level 

0 Schmitt cir¬ 
cuit input 

0 Sink open 
drain output 

0 Output latch 
is initialized 
to the high level 






INTEGRATED CIRCUIT 


tfteiuba 


TECHNICAL DATA 


Input/Output Circuit Code (IOCODE) GE 


\^Port 

Cir->\ 

cuit 

Input 

(K„) 

I/O 

(Ra,r 5 ,r 6 ) 


9Vdd 

? V DD 

I/O 

R | R IN 

| 1—WvM>Q—c£>— 


equiva¬ 

lent 


cir¬ 

cuit 

RlN= 70kft(TYP.) 



R = lkfi (TYP.) 

R = lkfi (TYP.) 


o Pull-up 

o Push-pull 


resistor is 

output 

Remark 

contained 

o Output latch 
is ini¬ 
tialized to 
the high level 


Input/Output Circuit Code (IOCODE) GF 

Port 

Cir^^ 

Input 

I/O 

cuit 

(K 0 ) 

(R.,R 3 ,R.) 

I/O 

equiva- 

R 

9 V DD 

— 

lent 

> r in 


cir¬ 

cuit 

RlN=70kft(TYP.) 

^ Jr ? R 


R = lkfi (TYP.) 

R = lkfi (TYP.) 


o Pull-down 

o Push-pull 


resistor is 

output 


contained 

o Output latch 

Remark 


is ini¬ 
tialized to 
the high level 


TI1P47C22F 




I/O 

(R 7 ) 

I/O 

(R 8 ,R 9 ) 


X| 1 

R = lkfl (TYP.) 

R = lkfi (TYP.) 

o Sink open 
drain output 

o Output latch 
is ini¬ 
tialized to 
the high level 

o Schmitt cir¬ 
cuit input 

o Sink open 
drain output 

o Output latch 
is initialized 
to the high level 



R= IkSJ (TYP.) 


o Sink open 
drain output 

o Output latch 
is ini¬ 
tialized to 
the high level 


R = lkfi (TYP.) 


o Schmitt cir¬ 
cuit input 

o Sink open 
drain output 

o Output latch 
is initialized 
to the high level 







tfteiuha 


INTEGRATED CIRCUIT 


TMP47C22F 


TECHNICAL DATA 



3. Instructions 

The TLCS-47 series microcomputer is provided with 90 
instructions, which are software compatible within the 
series. The instructions of the TLCS-47 series is consist of 1-byte 
instructions or 2-byte instructions. To classify them in terms of the 
execution time, there are 1-cycle instructions and 2-cycle instructions. 

1 -byte, 1-cycle instructions are mainly used in this series, 
and are arranged so as to improve the program efficiency. 

The TMP47C22F is software compatible with other 
versions of the TLCS-47 series; however, since it has no 
built-in output ports Pi and P2, (OUTB @HL) instruction cannot be 
used, so that 89 instructions become available as effective 
instructions. 


1-byte 1-cycle instruction 40 

1 - byte 2-cycle instruction 11-1 

2- byte _ 2-cycle instruction _ 39 

Total 90-1 


(a) Classification by byte/cycle 


Move instruction 22 

Compare instruction 6 

Arithmetic instruction 16 

Logical instruction 9 

Bit manipulation instruction 24 

Input/Output instruction 6-1 

Branch*subroutine instruction 6 

Other instruction 1 


Total 90-1 

(Note): Including ROM data referring instructions 
(b) Classification by function 

Table 3.0.1 Classification of instructions 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C22F 




. 11 00 X7X6X5X4X3X2X1X0 
) 10 00 X7X6X5X4X3X2XJXO 
) kjkak,^ 

) k 3 k 2 kiko 
) k 3 k 2 kik() 


. 11 11 X 7 X 6 X 5 X 4 X 3 X 2 XiX 0 
L k3k2kiko 

) 11 01 k 3 k 2 k 1 k 0 y 3 y 2 yiyo 


11 01 X7X 6 X 5 X4X3X 2 X 1 X 0 

10 01 X 7 X 6 X 5 X4X 3 X2X 1 Xo 
01 10 

11 10 X7X3X5 X 4 X3X 2 XjX 0 
kjkakiko 

10 00 11 01 kakak,!^ 

10 00 10 01 k 3 k 2 k 1 k 0 

11 10 k 3 k 2 k 1 k 0 y 3 y 2 y 1 yo 


ADD L ,4k ( 

ADD @JL ,4k C 

ADD y ,4k C 

SUBRC A ,@HL C 


AND @1L ,#k 
~OR A ,@HL 
OR A ,4k 
or (§hl , 4 k 


L 10 00 00 00 k 3 k 2 kiko 
L 10 00 11 00 k 3 k 2 kik 0 
L 10 00 10 00 k 3 k 2 kik() 
L 10 00 01 00 k 3 k 2 kik 0 
) 11 11 kakzktkpysyzyiyo 
L 01 00 

L 10 00 00 01 k 3 k 2 kik 0 
L 10 00 01 01 k3k 2 kik 0 


. 10 00 00 11 k 3 k 2 kik 0 

. 10 00 01 11 kskz^ko 


L 10 00 00 10 k 3 k2k!k 0 
L 10 00 01 10 k 3 k 2 kik 0 


(AC ) <-M[ ( H »L) "] 
j (AC)*-M[x3 

( LR) <— M[x'] , (HR) <— M[ x+1 J , x l =x 7 x 6 x 5 x4x 3 x 2 00 
( AC ) *—k 
;(HR)*-k 
(LR)*—k 

( AC ) *-R0M L [ ( DC ) ] 

(AC)*-R0M h [(DC)3,(DC)*-(DC)+1 _I 

M[(H*L)]<—(AC) 

M[(H»L)]<—(AC),(LR) <— ( LR) + 1 
M[(H»L)3 *— (AC)>(LR)*—( LR) — 1 
M[x]«—(AC) 

M[(H»L)]*— k,( LR) *- (I. R) + 1 
r 

(AC ) <— (KR) 

_ (ac)*-(lr) _ 

(HR)ji (AC) 

(LR) (AC) 

(EIR) & (AC) 

M[(H-L)]^(AC) 

M[x]ps(AC) 

, M[x' ]^(LR),M[x'-HL]f :i (HR),x l ^C 7 X 6 X 5 X 4 X 3 X 2 00 
null <—M [ (H*L)]-(AC) 
nu11*— M [ x ] — ( AC ) 
null*—k -(AC) 
null*-k-(HR) 
null-*—k -(LR) 

null—k-M[y] __ 

( AC ) * ( AC ) + 1 

(LR)*—(LR) + 1 

m[(h«l)]<—m[(h»l)]+ i _ 

( AC ) *— ( AC ) — 1 
(LR)*-(LR) - 1 

m[(h»l)]*-m[(h»l)3 — 1 

(AC)*-(AC) +M[(H*L)3 + (CF) 

(AC)*-(AC) + M[(H*L)3 
( AC ) *— ( AC ) + k 
(HR) <-(HR) + k 
(LR)*—(LR) + k 

m[(h«l)3*-m[(h*l) 3 + k 

M[y3*-M[y3 + k _ 

(ac)*-m[(h.l)3-(ac)- (cf) 

(AC ) *— k —(AC) 

M[(H»L)]*-k-M[(H»L)3 _ 

MS PI ——I Ad I — 1 (rotate left by 1 bit) 

M AC I —-ICfT—I (rotate right by 1 bit) 
(AC)*-(AC) A«[(H-L)] 

( AC ) * ( AC ) A ^ 

M[(H.L)3*-M[(H*L)3Ak 
(AC)*-(AC) Vm[(H*L)] 

(AC)«-(AC) V k 
m[(h«l)3*-m[(h*l) 3 V k 

(AC)*-(AC) Vm[(H*L)3 







INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP47C22F 


Classr-1 Mnemonic 
f icatior 

TEST CF 
TEST A , 
TEST @HL, 
TEST y , 
TEST %p , 
TEST @L 
TESTP CF 
TESTP ZF 
TESTP OF 
o TESTP y , 
^ TESTP %p, 

3 SET OF 

ft 

£ SET @HL, 

s set y , 


CLR OF 
CLR (gSHL, 


OUT A ,5 
OUT @HL,? 
OUT #k ,5 
OUTB @HL 





Ob 

j e ct Code 





Binary 

Hexade 

cimal 





1st 

2nd 

1st Byte 


2nd Byte Byte 

Byte 

00 

00 

01 

10 

0 

6 


01 

01 

11 

bjbo 

5 

C + b 


01 

01 

10 

b,b 0 

5 

8+b 


00 

11 

10 

01 10 

bib 0 y 3 y2yiyo 3 

9 

8+b y 

00 

11 

10 

11 10 

biboP 3 p 2 PiPo 3 

B 

8+b p 

00 

11 

01 

11 

3 

7 


00 

00 

01 

00 

0 

4 


00 

00 

11 

10 

0 

E 


00 

00 

00 

01 

0 

1 


00 

11 

10 

01 11 

b^oysyayiyo 3 

9 

C + b y 

00 

11 

10 

11 11 

bibop 3 p 2 PiPo 3 

B 

C+b p 

00 

00 

00 

11 

0 

3 


01 

01 

00 

b ibo 

5 

b 


00 

11 

10 

01 00 

bib 0 y 3 y 2 yiyo 3 

9 

b y 

00 

11 

10 

11 00 

biboP 3 p 2 PiPo 3 

B 

b p 

00 

11 

01 

00 

3 

4 


00 

00 

00 

10 

0 

2 


01 

01 

01 

bjb 0 

5 

4+b 


00 

11 

10 

01 01 

bib 0 y 3 y 2 yiyo 3 

9 

4+b y 

00 

11 

10 

11 01 

b]boP3P2PiPo 3 

B 

4+b p 

00 

11 

01 

01 

3 

5 


00 

11 

01 

10 11 

r 5 r 4 r 3 r 2 r l r 0 3 

6 

C+ r H r L 

00 

11 

01 

10 01 

r 5 r 4 r 3 r 2 r l r o 3 

6 

4+r H r L 

00 

11 

01 

10 10 

r 5 r 4 r 3 r 2 r l r 0 3 

6 

8+rH r L 

00 

11 

10 

10 00 

10 P3P2P1P0 3 


2 P 

00 

11 

10 

10 01 

10 P3P2P1P0 3 

A 

6 P 

00 

"IT 

To” 

10 10 p^O P3P2P1P0 3 

A 

8+2p~4P 

00 

11 

10 

10 11 P4O P3P2P1P0 3 

A 

C+2F4 P 

00 

10 

11 

00 k 3 k2k 1 k 0 P3P 2 p,Po 2 

C 

k p 

00 

~01 

00 

10 

_La 

2 


01 

10 

a U^0^9 a 8 a 7 a 6 a 5 a 4 a 3 a 2 a l a 0 1 6 

a H 

a M a L 

10 

d5d4d 3 d 2 did 0 

1 8+d H d L | 

00 

10 

0 a 10 a9a 8 a7a 6 a5a4a3a2aiao 2 

a H 

a M a L 

01 

11 

n3n 2 njn 0 

7 

* 


00 

10 

10 

10 

2 

A 


00 

10 

10 

11 

2 

B 


00 

00 

00 

00 

0 

0 



(SF)<-(CF),(CF)<- 


(sf)4-(cf),(cf)4-i 

( sf) ♦- ( zf) 

(sf) «— (of) 

(sf) «- M[y]<b> 

(sf) 4- P[p]<b> 

1 

m[(h*l) Xb>4—i 

M[yXb><- 1 
P[pXb>4- 1 

p [ ( lr)<3 : 2>k X( lr)<l : o»4 -1 

( OF) 4- 0 

M[(H*L)Xb><-0 


(AC)<— P[p] 

M[(H»L)]4-P[p] _- 

p[p]*-(AC) , P = PrP3 P2 Pi Po 

p[p] 4-M[(H*L)] , P = P4*P3 P 2 Pi Po 
p[p]<-k 

P03]»P[1]*-ROM[F-(BH-(CF))«M[(h»l)]] ~ 

If SF=1 then(Pc) <—a else null. 

If SF=1 then(Pc)4-a else null,a=(PC)<li:6>d - 
STACK[(SPW)]4-(PC),(SPW)4-(SPW)-1 , ~ 

(PC)4-a,0^a^2,047 

STACK[(SPW)) 4— (PC),(SFW) 4— (SPff)-l, 

(PC)4— a ,a=8n + 6(n^fO) ,134(n°o) _ 

(SPW)4-(SPW)+1 , (PC)4-STACK[(SPW)] ” 
(SPW)4-(SPW) + 1 , (FLAG‘PC)4-STACK[(SPW)], -i 
(EIF)4-1 _ 

no operation 


Note 1. Setting Condition of Flag. 

"C” indicates the carry output from the most significant position 
in the addition operation, and "B" indicates the borrow output from the 
most significant position m the subtraction operation. 

"Z" indicates the zero detection signal to which "l” is applied 
only when either the ALU output of the processing result or all 
four bits of the data transferred to the accumulator are zero. 

The flag is set to "C”,"C","B”,"z","Z","l",or*0" according 
to the data processing rusult. The value specified by the function is 
set to the flag with the mark ,and the mark denotes no change 
m the state of the. flag. 

Note Z The zero flag is sej. according to the data set m the accumulator. 

Note & The flags(ZF,SF)are set according to the result of increment or 







ABSOLUTE MAXIMUM RATINGS (V ss = OV) 


SYMBOL 

ITEM ! 

RATING 

UNIT 

VDD 

Supply Voltage 

-0.5 % 7 


VLC 

Supply Voltage (LCD Drive) 

-0.5 ^ VDD+0.5 


VIN 

Input Voltage 

-0.5 n, VDD+0.5 

V 

VOUT1 

Output Voltage (Except open drain 
terminal) 

-0.5 n, VDD+0.5 

V 

VOUT2 

Output Voltage (Open drain terminal) 

-0.5 n, 10 


PD 

I Poser Dissipation (Topr=70°C) 

400 

mW 

Tsld 

Soldering Temperature • Time 

260 (10 sec.) 


Tstg 

! Storage Temperature 

-55 n, 125 

°C 

Topr 

| Operating Temperature 

-30 ^ 70 

_1 



RECOMMENDED OPERATING CONDITIONS (Vss = ov ) 


SYMBOL 

ITEM 

CONDITION 

MIN. 

MAX. 

UNIT 

Topr 

Operating Temperature 


-30 

70 

°C 

VDD 

Supply Voltage 


4.5 

6 


VDDH 

Supply Voltage (Hold) 


2 

6 

V 

VLC 

Supply Voltage (LCD Drive) 

0 

VDD-2.7 


VlHl 

High Level Input Voltage 
(Except Schmitt circuit input) 

' 

VDD > A.5V 

VDDxO. 7 

VDD 

_- 


VlH2 

High Level Input Voltage 
(Schmitt circuit input) 

VdDx0.75 

VDD 

_ 


VlH3 

High Level Input Voltage 

VDD < 4.5V 

VDDxO . 9 

VDD 

V 

VlLl 

l Low Level Input Voltage 

(Except Schmitt circuit input) 

VDD >4.5V 

o ' 

VDDxO. 3 


VIL2 

i— 

Low Level Input Voltage 
(Schmitt circuit input) 

0 

VDDxO.25 


VlL3 

. 

Low Level Input Voltage 

VDD< 4.5V 

0 

VDDxO. 1 


fc 

Clock Frequency 


0.4 

4.2 

MHz 

tWCH 

High Level Clock Pulse Width(Note 1) 

VlN= V IH 

80 

- 

nS 

tWCL 

Low Level Clock Pulse \Jidth(Note 1) 

[ VIN= ViL 

p 80 

- 


(Note 1) For external clock operation 
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INTEGRATED CIRCUIT 


T1WC22F 


TECHNICAL DATA 



D.C. CHARACTERISTICS (V SS =OV, V DD =5V±10%, T opr =-30 -WCTC) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP.i.NOTE.i • 

MAX. 

V'HS 

HYSTERESIS VOLTAGE SCHMITT 
CIRCUIT INPUT' 


- 



1 IN L 

INPUT CURRENT 4 KO,RESET,HOLD, 
TEST') l NOTEC ' 

V p p= ;.c V , V j_ jj “ -Ye ,Y j V 

- 


;t '• - 

r INL 

INPUT CURRENT ( OFEN DRAIN R PORT 

- 

- 

±4 

IlL 

LOW LEVEL INPUT CURRENT i,FUSH- 
PULL R FORT) 

V D£) - • .c V , V t N --- ...4 V 

- 


-- 

R IN 

INFUT RESISTANCE i,KO WITH INPUT 
RESISTOR'' 





t lo 

OUTPUT LEAKAGE CURRENT '.OPEN 

DRAIN R FORT' 

V DD - -r.r V , V q tj t ' 




VOH 

w 

H T 

Pm E*j 

jn O 
o 4> 

HIGH LEV 7 EL (.PUSH-PULL R 

PORT ) 

VDD"" 4 * v > I 0 If ~ '*■' - - uA 

4.4 

- 

- 

V 0L 

LOW LEVEL (R PORT' 

Vpp- v , Iqi, I Em A 

- 

- 

. .4 

r 0S4 > r OS 0 

61 

H -A 

Ui w 

ci S 

O 1 —! 

HIGH-LOW LEVEL v SEG\NOTE. 4 ,6 '• 

V Dr -“ GV , V IjCD vNOTE .5'-- IV 
v OUT' V DD~ - v - ' v LC + •'• cv 

_ 


T . B. D 

HOC 4 > *00.) 

HIGH-LOW LEVEL v COM' I.NOTE. 4,6 1 


10 

T .B.D 

Hqs, > R os i 

C I,i,I LEVEL vSEG ' i NOTE. 4 

V DD" oV > V LClf '- V 

V q 7 j t“”4 - )■ .t V/ c + r V 


- o 

T.E.D 

R 0.n » r 0C : 

yS, >T LEVEL COM'- NOTE. 4 ■ 

- 

- 

T . B . D 

R OSA. 

]/S. LEVEL I SEG ' , NOTE. ; ' 

V DD^ V > V LCD^V 


10 

T.B.D 

Roc 2 

i, Y IjEVEL vSOM\N0TE.o"' 

Pout - -'- 6± '-' v 

- 


T .B.D 

Ty 03 

w 

[ - rh 

T H 

H .3 

b 

v'o LEVEL v SEG , COM) (.NO TE. 4 ' 

v Dn-EV,v LCI y GV 

4- Y4 

4 

4+ YF 

'01 

v b LEVEL v .SEG, COM 1 ■„ NOTE, c) 

•Yd- ,i.D 


• ? 

V 01 

L LEVEL 1. SEG, : OMb.NOTE. 4) 

3-YL 

o 

0 + YS). 

1 PDO 
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Specification of program tape and input/output circuit format 

The TMP47C22F will be able to made enginnering samples (ES) if you 
specify the program data and input/output circuit format by use of a 
paper tape. 

The paper tape format is equivalent to the Hex. format of Intel 
Co. (Format I). 

The program data should be specified within the address space 
corresponding to the built-in ROM capacity; the addresses 000 - 7FF 
denote the address range in the TMP47C22F. 

1. Specification of input/output circuit format 

The paper tape of Format I starts recording the program data 
after record mark but the input/output circuit code should be 

specified just before the first record mark. 

The "IOCODE XX" format is used to define the input/output circuit 
code. XX denotes the proper input/output circuit code (two alphabets). 

(Note) If the input/output circuit code is not specified, "IOCODE GD" 
is employed. It should be noted that if the specified format 
is different from the standard one, and if the specified input/ 
output circuit code is illegal, such specifications may be 
considered to have not been made. 

(Example of tape list) 

TOSHIBA MICROCOMPUTER TLCS-47 
IOCODE GD 

:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE76E31F5D8ABA6DF292F113F5C1 
:100020004FF1F 


1007E000B53D42E0EC32546025B7308CDD52063D1D 

1007F000B4BE9E9E345B6138060B20BC372BF60BD6 

00000001FF 
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More than 50 characters of "NULL" 


J record mark ":" and 

/ the input/output \ 

. Comment^ c i rcu it format are J 

not included. 

Specification of the 
“input/output circuit format. 

. . . Specification of the inputvbutput circuit' 
format IOCODE XX (XX denotes the input/out¬ 
put circuit code) (It does not matter if 
there is "NULL" from immediately after CB)> 
©to immediately before record marking.) 


Not specially 
required. 


It is considered 
to be no specifica¬ 
tion, if not specified. 


.... Record mark (start of record) 

Record / the num b er of program data within one recordX 
•••• lengj-h is represented by two-digit hexadecimal nota- 
Vtion. "00" denotes the end of data. J 


Load (the first address of the record is represented, 
address by four-digit hexadecimal notation. 


Record ."00" . Normal record 

type "01" . End of file record 


Data ^1-byte data is represented by . 

two-digit hexadecimal notation. 

( two-digit hexadecimal notation is used to re-' 
present the data of the lower-order eight bits 
in the value which the data covering from the 
record length up to immediately before the 
checksum is subtracted from the initial 
value 0. 

Record mark (the same procedure is repeated hereinafter.) 


... Trailers More than 50 characters of "NULL" 
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8BIT SINGLE CHIP MICROCOMPUTER 


TLCS- 84(NM0S/CM0S) 




TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8048P/8048PI 
TMP8035P/8035PI 
N-CHANNEL SILICON GATE MOS 


GENERAL DESCRIPTION 

The TMP8048P, from here on referred to as the TMP8048, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 64 x 8 RAM data memory, IK x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8048 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP8035P is the equivalent of a TMP8048 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 



FEATURES 

• Compatible with Intel’s 8048 * 64 x 8 RAM 

• 2.5 pS Instruction Cycle • 27 I/O lines 

• All instruction 1 or 2 cycles . Interval Timer/Event Counter 

• Over 90 instructions; 70% single byte • Single level interrupt 

. Easy expandable memory and I/O • Single 5V supply 

• IK x 8 masked ROM . -40°C to +85°C Operation (TMP8048PI/ 

TMP8035PI : Industrial Specification) 

PIN CONNECTIONS (Top View) 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


BLOCK DIAGRAM 


DB0-DB7 


TMP8048P/8048PI 

TMP8035P/8035PI 


1 T 1 ( 2 ) 

Oscillation I - LJ 

Frequency 0ut P“ t 


Output 

Latch 



(Program 



Interrupt 

Circuit 



Accumulator . 
Bit Test 


FO FI Carry 

iLL L 1 ... 1 

Conditional 
Jump Circuit 

T 0 T 1 INT 


Control and Timing Circuit 


RESET INT EA SS ALE PSEN RD WR PROG i Note 1) The lower order 4 bits of 

n n 1 n t n n O n port 2 output latch are 

TTITvvffV used also for input/outpt 

WHH o. m cn c > cn n) cn n operations with the I/O 

$ 3 S 3 S S' R £ S 3 R S3 expander. 

fl> C W ft 09 n H O JQ (U O &> 

n w 3 ST W Zcu Note 2 ) ^ output latch of port C 

£ n is a ^- s0 used for address 

T3 rt h- 1 rt O oiltmit. 

a n> £► fo o cr ouLpuu. 





















tTctthiba 


INTEGRATffiCIRCUIT 


TMP8048P/8048PI 

TMP8035P/8035PI 


TECHNICAL DATA 


PIN NAMES AND PIN DESCRIPTION 

V SS (Power Supply) 

Circuit GND potential 
V DD CPower Supply) 

+5V during operation Low power standby pin for TMP8048 RAM 
Vcc (Main Power Supply) 

+5V during operation 
PROG (Output) 

Output strobe for the TMP8243P I/O expander 
PlO _ Pi 7 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup=50K^ ). 

P 20 - ^27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup^50Kft ). 

P20~P23 Contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 
DBq —DBy (Input/Output, 3 State) 

Ture bi d ire ctional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

Tq (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. Tq can be designated as a clock output using ENTO CLK instruction. 

T 2 (Input) 

Input pin testable using the JT1 and JNT1 instruction. Can be designated 
the event counter input using the timer/StRT CNT instruction. 

INI (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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TMP8048P/8048PI 

TMP8035P/8035PI 


01 INTEGRATEDCIRCUIT 

jjjjtei TECHNICAL DATA 

RESET (Input) 

Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and'is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memoi'y. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 


FUNCTIONAL DESCRIPTION 
1. System Configuration 

The following system functions of the TMP8048 are described in detail. 


(1) 

Program Memory 

(65 

Stack (Stack Pointer) 

(2) 

Data Memory 

(7) 

Flag 0, Flag 1 

(3) 

I/O Port 

(8) 

Program Status Word (PSW) 

(4) 

Timer/Counter 

(9) 

Reset 

(5) 

Interrupt Control Circuit 

(10) 

Oscillator Circuit 


(1) Program Memory 

• The maximum memory that can be directly addressed by the TMP8048 is 
4096 bytes. The first 1024 bytes from location 0 through 1023 can he 
internal resident mask ROM. The rest of the 3072 bytes of addressable 
memory are external to the chip. The TMP8035 has no internal resident 
memory; all memory must be external. 
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TMP8048P/8048PI 

TMP8035P/8035PI 


INTEGRATOCIROJIT 

TECHNICAL DATA 

. There are three locations in Program Memory of special importance. 



Memory Bank 1 


Memory Bank 0 


Program Memory Area 


• Location 0 

Activating the Reset line of the processor causes the first instruc¬ 
tion to be fetched from Location 0. 

• Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

• Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held 
in Location 7. 

. Program addresses 0-2047 and 2048-4095 are called memory banks 0 
and 1 respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction executed after using 
SEL MB0 or SEL MB1. 

Reset operation automatically selects Bank 0. 


(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 64 words by 8-bits wide. 

• The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 

By executing a Register Bank switch instruction (SEL RBI) locations 24 - 31 
are designated as the working registers in place of 0 - 7. 
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IN1EGRATBCIRCUIT 

HIS 

TECHNICAL DATA 


TMP8048P/8048PI 

TMP8035P/8035PI 


Address 

63 


32 
31 

24 
23 

8 
7 
0 

Internal Data Memory Area 


Data Memory 


Resister Bank 1 

__ RBI _ 

8 Level Stack 

(16 byte) 

Resister Bank 0 
RBO 


• RAM locations 8-23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized. 

• ALL 64 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and Rl of the Register array. 

• The TMP8048 architecture allows extension of the Data Memory to 256 words. 


(3) Input/Output Ports 

• The TMP8048 has 27 I/O lines which can be used for either input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con¬ 
ditional jump instructions. 

• Ports 1 and 2 are each 8-bits wide and have identical characteristics. 

Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

• All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1)'. Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50Kft) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "O'* 

to "l" transition a low impedance device (5Kft) is switched in momentarily 
whenever a "l" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TMP8048P/8048PI 

TMP8035P/8035PI 



50kft I/O pins 
Portl or 2 


Fig.l Input/Output Circuit of Port 1, Port 2 


. Reset initializes all lines to a high impedance "1" state. 

. When external data memory area is not addressed during execution of an 
internal program, Port 0 (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non—latched input port. However, I/O lines of this port cannot be 
intermixed. 

• As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

• As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the WR RD strobes. 

• When not being written or read, the Bus lines are in a high impedance 
state. 


(4) Timer/Event Counter 

• The 8-bit binary up counter can use either of the following frequency 
inputs 


Cl) Internal clock (1/480 of OSC frequency) 
. Timer mode 
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TMP8048P/8048PI 
TMP8035P/8035PI 


(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

.... Event Counter mode 


The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial¬ 
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CNT. Once started 
the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped 'by a STOP TCNT instruction or 
RESET. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 


XTAL/15 


Timer Overflow Flag 
Flip-Flop 



INT 


Timer Interrupt Enable 


Fig.2 Concept of Timer Circuit 
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INTEGR ATEDCIROJIT 


TMP8048P/8048PI 

TMP8035P/8035PI 


TECHNICAL DATA 


• The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

• An int erru pt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine".at Loca¬ 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in previous paragraph 

except that a jump to Location 7 is used instead of J3._If INT and times 

overflow occur simultaneously then external request INT takes precedence. 

• If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 

A "1" to "0" transition on Tl will cause an interrupt vector to Location 7. 

• The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in memory between 0 and 2047, i,e., Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 


(6) Stack (stack Pointer) 

. An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

. The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre¬ 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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INTEGRATEDCIRCUIT 

f62 

TECHNICAL DATA 


TMP8048P/8048PI 
TMP8035P/80 35PI 



Pointer Address 


(7) Flag 0, Flag 1, (F0, FI) 

• The TMP8048 has two flags F0 and FI which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump instruction JFO. 

. F0 is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 


(8) Program Status Word (PSW) 

• An 8-bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW). The PSW is read by a 
MOV A, PSW and written to by a MOV PSW, A. The information available 
in the PSW is shown in the diagram below. 
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Saved in stack area Spare ("1" during Read) 
at the time of Sub¬ 
routine Call. 


Bits 0 - 2 : Stack Pointer Bits(So, Si, S 2 ) 

Bit 3 : Not used ("1" level when read.) 

Bit 4 : Working Register Bank Switch Bit 

(BS) 

0 = Bank 0 
1 = Bank 1 

Bit 5 : Flag 0 (FO) 

Bit 6 : Auxiliary Carry (AC) carry bit generated by an ADD 

instruction and used by the decimal adjust, instruction 
DA, A (AC) 

Bit 7 : Carry (C) flag which indicates that the previous 

operation has resulted in the accumulator. 

(C) 

(9) Reset 

. The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup resistor which in 
combination with an external lyF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 
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INTEGRATHJCIRCUIT 

ms 

TECHNICAL DATA 


TMP8048P/8048PI 
THP8035P/8035PI 


If the pulse is generated externally the reset pin must be held at ground 
(iO,5V)f° r at least 50mS after the power supply is within tolerance. 

Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0. 

(v) Sets BUS (DBO - DB7) to high impedance state. (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag. 

(x) Clears F0 and Fl. 

(xi) Disables clock output from TO. 


(10) Oscillator Circuit 


TMP8048 can be operated by the external clock input in addition to 
crystal oscillator as shown below. 

+5V 



XTAL 1 


XTAL 2 



XTAL 1 


XTAL 2 


2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TMP8048P/8048PI 

TMP8035P/8035PI 


(1) Instruction Cycle 

• The instructions of TMP8048 are executed in one or two machine cycles, 
and one machine cycle consists of five states. 

•Fig.4 illustrates its relationship with the clock input to CPU. 

• <j>2 clock shown in Fig.4 is derived to outside by ENTO CLK instruction. 

• ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 
(i) Program Memory Access 

• TMP8048 programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

• In the external program memory access operation, the following will occur 

. The contents of the 12-bit program counter will be output on BUS(DB0 - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address externally. 

• Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

. BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word.' 

• Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

• In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

. The contents of RO R1 is output onto BUS (DBO - DB7). 

• ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

• A read RD or write WR pulse on the corresponding output pins indicates 
the type of data memory access in progress. Output data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

• Data (8-bits) is transferred over BUS. 
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TMP8048P/8048PI 

TMP8035P/8035PI 






INTEGRATEDCIRCUIT 

TMP8048P/8048PI 

TMP8035P/8035PI 

mm 

TECHNICAL DATA 



• Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 


(3) Interface with I/O Expander (TMP8243P) 

* The TMP8048 I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMP8048. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lower half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer con¬ 
sists of two 4-bit nibbles the first containing the "OP Code” and port 
address and the second containing the actual 4-bits of data. 


+12V 



Fig.7 Timing of Rading Internal Program Memory 


5V 



Fig.8(a) Single Step Circuit 
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TECHNICAL DATA 


TMP8048P/8048PI 

TMP8035P/8035PI 


C4) Reading of Internal Program Memory 

. The processor is placed in the READ mode by applying +12V to the EA pin 

and OV to the RESET pin. The address of the location to be read is then 

applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

• Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

• A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

. A D-type flip flop with set and reset is used to generate SS. In the run 

mode SS is held high by keeping the flip flop set. To enter single step, 

set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "l” into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

• The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V). 


(6) Lower Power Stand-by Mode. 

• The TMP8048 has been organized to allow power to be removed from all but 
the volatile, 64 x 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMP3048 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to 0V but Vjjj) 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 


SS _/ \- 

ALE \_/ I__I For tw ° 

Instruction Input_ inst ructic 

DBO — DB7 Address (PC) z>o — c Address (PC+1) 


P20-P23 


Address (PC) )(~ Address (PC+1) 

Port20 -23 
Data 


Fig.8(b) Single Step Operation Timing 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 

INSTRUCTION 


ACCUMULATOR INSTRUCTION 


Mnemonic 



Instruction 

Code 



Operation 

Bytes 

Cycles 

F!ag I 

D7 

D6 

D5 

D4 

D3 

D2 

Dl 

DO 

C 

AC 

ADD A,Rr 

0 

1 

1 

0 

1 

r 

r 

r 

(A)+(A)+(Rr) 

1 

1 

O 

O 










r = 0 -7 





ADD A,@Rr 

0 

1 

1 

0 

0 

0 

0 

r 

(A)«-(A)+(Rr) 

1 

1 

o 

O 










r = 0, 1 





ADD A,//Data 

0 

0 

0 

0 

0 

0 

1 

1 

(AH(A)+Data 

2 

2 

o 

O 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 






ADDC A,Rr 

0 

1 

1 

1 

1 

r 

r 

r 

(AMA) + (Rr)+(C) 

1 

1 

o 

O 










r = 0 —7 





ADDC A,@Rr 

0 

1 

1 

1 

0 

0 

0 

r 

(AH(A)+((Rr))+(C) 

1 

1 

o 

o 










r = 0, 1 





ADDC A,//Data 

0 

0 

0 

1 

0 

0 

1 

1 

(A)*-(A)+Data+(C) 

2 

2 

o 

o 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 






ANL A,Rr 

0 

1 

0 

1 

1 

r 

r 

r 

(AH(A)A(Rr) 

1 

1 

- 

- 










r =• 0- 7 





ANL A,@Rr 

0 

1 

0 

1 

0 

0 

0 

r 

(A>(A)A((Rr)) 

1 

1 

- 

- 










r = 0, l 





ANL A, //Data 

0 

1 

0 

1 

0 

0 

1 

1 

(A)-*-(A)AData 

2 

2 

- 

- 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 






ORL A,Rr 

0 

1 

0 

0 

1 

r 

r 

r 

(A)«-(A)V(Rr) 

1 

1 

- 

- 










r = 0 -7 





ORL A,@Rr 

0 

1 

0 

0 

0 

0 

0 

r 

(A)«-(A)V((Rr)) 

1 

1 

- 

- 


i 








r = 0, 1 





ORL A,//Data 

0 

1 

0 

0 

0 

0 

1 

1 

(A)-«-(A)VData 

2 

2 

- 

- 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO | 






XRL A,Rr 

1 

1 

0 

1 

1 

r 

r 

r 

(AK(A)Y(Rr) 

1 

1 

- 

- 










r = 0 -7 





XRL A,@Rr 

1 

1 

0 

1 

0 

0 

0 

r 

(A)+-(A)Y((Rr)) 

1 

1 

- 

- 










r = 0, 1 





XRL A,//Data 

1 

1 

0 

1 

0 

0 

1 

1 

(A)«-(A)VData 

2 

2 

- 

- 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 






INC A 

0 

0 

0 

1 

0 

1 

1 

1 

(A)«-(A)+1 

1 

1 

- 

- 

DEC A 

0 

0 

0 

0 

0 

1 

1 

1 

(A)^“(A)-1 

1 

1 

- 

- 

CLR A 

0 

0 

1 

0 

0 

1 

1 

1 

(A)«0 

1 

1 

- 

- 

CPL A 

0 

0 

1 

1 

o 

1 

1 

1 

(A)^-NOT (A) 

1 

1 

- 

- 

DA A 

0 

1 

0 

1 

, 

' 0 

1 

1 

1 

Decimal Adjust 
Accumulator 

1 

1 

o 

- 

SWAP A 

0 

1 

0 

1 0 

0 

! l 

1 

1 

(A4-7)t(A0-3) 

1 

1 

- 

- 
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INTIGR ATEDCIRCUIT 

TECHNICAL DATA 


TMP8048P/8048PI 
TMP8035P/8035PI 


Mnemonic 


RL A 


| Instruction Code 1 

D7 D6 D5 D4 D3 D2 

D1 DO 



1 11 0 0 1 

1 1 

11110 1 

1 1 

0 1110 1 

1 1 

0 110 0 1 

1 1 




Operation 


n = 0- 6 
(A0H(A7) 

(An+l)^(An) 
n = 0 - 6 
(CK(A7) 
(AOK(C) 

(An)-^(An+l) 
n = 0 - 6 
(A7K(A0) 

(An)-*-(An+l) 

n = 0 ~ 6 
(C)^-(AO) 
(A7K(C) 


Bytes Cycles - 
1 1 


Input/Output Instruction 


Instruction Code 

Mnemonic D7 I D6 [~D5 I D4 I D3 1 D2 I D1 I DO 


IN A,Pp 

OUTL Pp, A 

ANL Pp, //Data 

ORL Pp,#Data 

INS A,BUS 
OUTL BUS,A 
ANT, BUS, //Data 

ORL BUS, //Data 

MOVD A,Pp 

MOVlJ Pp,A 


Flag 

Operation Bytes Cycles ^ i Ac 


P (A)^-(Pp) 

P = 1, 2 

P (PpMA) 

P = 1, 2 

P (Pp)«-(Pp)/\Data 
10 P = 1, 2 

P (Pp)-<-(Pp) VData 
10 P = 1, 2 

0 (AH(BUS) 

0 (BUS)«-(A) 

0 (BUS H (BUS )A Data 
10 

0 (BUS)-*-(BUS )y Data 

10 

P (A0-3)-*-(Pp) 
(A4-7)*-0 
P = 4- 7 

P (Pp)*-(A0-3) 

P = 








tfotiuba 

INTEGRATEDCIRCUIT 

f&S 

TECHNICAL DATA 


TMP8048P/8048PI 

TMP8035P/8035PI 


Mnemonic 



Instruction Code 



Operation 

Bytes 

Cycles 

Flag 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

C 

AC 

ANLD Pp, A 

1 

0 

0 

1 

1 

1 

P 

P 

(PpMPp)A(A0-3) 
P = 4 - 7 

1 

2 

- 

- 

ORLD Pp,A 

1 

0 

0 

0 

1 

1 

P 

P 

(Pp)<-(Pp)V(AO-3) 

P = 4 - 7 

1 

2 

- 

1 _ 1 


Register Instruction 


Mnemonic 



Instruction Code 



Operation 

Bytes 

Cycles 

Flag 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

a 

03 

INC Rr 

0 

0 

0 

1 

1 

r 

r 

r 

(Rr)-<-(Rr)+l 
r = 0 - 7 

1 

1 

- 

- 

INC @Rr 

0 

0 

0 

1 

0 

0 

0 

r 

<(Rr)H((Rr))+l 
r = 0, 1 

1 

1 

- 

- 

DEC Rr 

1 

1 

0 

0 

1 

r 

r 

r 

(RrK(Rr)-l 
r = 0- 7 

1 

1 

- 

- 


Branch Instruction 


Mnemonic 

Instruction Code 

Operation 

Bytes 


Flag 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 


C 

AC 

JMP Address 

alO 

a9 

a8 

1 

0 

1 

0 

0 

(PCO-7MaO-7) 

2 

2 




a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

(PC8-10)«-(a8-10) 

(PCllHDBF 





JMPP @A 

1 

0 

1 

i 

0 

0 

1 

1 

(PC0-7)«-((A)) 

1 

2 

- 

- 

DJNZ Rr, 

1 

1 

1 

0 

1 

r 

r 

r 

(Rr)«-(Rr)-l 

2 

2 

- 

_ 

Address 

a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if Rr not 0 
(PCO-7)^(aO-7) 





JC Address 

1 

1 

1 

1 

0 

1 

1 

0 

(PCO-7K(aO-7) 

2 

2 

- 

- 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if C = 1 
(PC) = (PC)+2 
if C = 0 


i 



JNC Address 

1 

1 

1 

0 

0 

1 

1 

0 

(P CO-7 MaO-7) 

2 

2 

- 

- 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if C = 0 
(PC)«-(PC)+2 
if C = 1 
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INTEGRAT0CIRCUIT 


TMP8048P/8048PI 
TMP8035P/8035PI 


$ 06 fuba 


^2 TECHNICAL DATA 


Instruction 


Mnemonic 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Operation 

JZ Address 

1 

1 

0 

0 

0 

1 

1 

0 

(PCO-7)«-(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if (A) = 0 
(PC)*-(PC)+2 
if (A) 4= 0 

JNZ Address 

1 

0 

0 

1 

0 

1 

1 

0 

(PCO~7H(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if (A) + 0 
(PC)«-(PC)+2 
if (A) = 0 

JTO Address 

0 

0 

1 

1 

0 

1 

1 

0 

(PCO-7H(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if TO = 1 
(PC)«-(PC)+2 
if TO = 0 

JNTO Address 

0 

0 

1 

0 

0 

1 

1 

0 

(PCO-7MaO-7) 


a7 ' 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if TO = 0 
(PCH(PC)+2 
if TO = 1 

JT1 Address 

0 

1 

0 

1 

0 

1 

1 

0 

(PCO-7)«-(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if T1 = 1 
(PCK(PC)+2 
if T1 = 0 

JNTl Address 

0 

1 

0 

0 

0 

1 

1 

0 

(PCO-7H(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if T1 = 0 
(PC)«-(PC)+2 
if T1 = 1 

JFO Address 

1 

0 

1 

1 

0 

1 

1 

0 

(PCO-7K(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if FO = 1 
(PC)*-(PC)+2 
if FO = 0 

JF1 Address 

0 

1 

1 

1 

0 

1 

1 

O- 

! (PCO-7K(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if FI * 1 
(PC)«-(PC)+2 
if FI = 0 

JTF Address 

0 

0 

0 

1 

0 

1 

1 

0 

(PCO-7H(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if TF = 1 
(PC)«-(PC)+2 
if TF = 0 

JN1 Address 

1 

0 

0 

0 

0 

1 

1 

0 

(PCO-7K(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if INT = 0 
(PCH(PC)+2 
if INT = 1 

JBb Address 

b2 

bl 

bO 

1 

0 

0 

1 

0 

(PCO-7K(aO-7) 


a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if Bb = 1 
(PCH(PC)+2 
if Bb = 0 
(b = 0-7) 


Bytes 

Cycles 

Flag 

C 

AC 

2 

2 

- 

- 

2 

2 

- 

- 

2 

2 

- 


2 

2 

- 

- 

2 

2 

- 

- 

2 

2 

- 


2 

2 

- 

- 

2 

2 

- 


2 

2 

- 

- 

2 

2 

- 

- 

2 

2 

' 

- 

- 







INTEGRATEDCIRCUIT 


tfoSuba 


Hf TECHNICAL DATA 


Subroutine Instruction 


Mnemonics 

Instruction Code 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

CALL Address 

alO 

a9 

a8 

1 

0 

1 

0 


a7 

a6 

a5 

a4 

a3 

a2 

al 

RET 

1 

0 

0 

0 

0 

0 

1 

RETR 

1 

0 

0 

1 

0 

0 

1 


Flag Manipulation Instruction 


Mnemonics 

Instruction Code 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

CLR C 

1 

0 

0 

1 

0 

1 

1 

CPL C 

1 

0 

1 

0 

0 

1 

1 

CLR FO 

1 

0 

0 

0 

0 

1 

0 

CPL FO 

1 

0 

0 

1 

0 

1 

0 

CLR Fl 

1 

0 

1 

0 

0 

1 

0 

CPL Fl 

• 

1 

0 

1 

1 

0 

1 

0 


Data Transter Instruction 


Mnemonics 

Instruction Code 

EM 

m 

m 


Btl 


m 

MOV A,Rr 

1 

i 

i 

i 

i 

r 

r 

MOV A,@Rr 

1 

i 

i 

i 

0 

0 

0 

MOV A,//Data 

m 

0 

i 

H 

0 

0 

1 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

MOV Rr,A 

1 

0 

1 

0 

1 

r 

r 


TMP8048P/8048PI 

TMP8035P/8035PI 



0 ((SP)K 2 

aO (PC),(PSW4-7) 
(SP)^(SP)+1 
(PC8-10Ma8-10) 
(PC0-7Ma0-7) 
(PC11KDBF 

1 (SPK(SP)-l 1 

(pc)«-((sp>) 

1 (SP)«-(SP)-1 1 

(PC)+((SP)) 
(PSW4-7K((SP)) 


- Operation 

DO 

1 (C)«-0 

1 (CKNOT(C) 

1 (FOHO 

1 (FO)^-NOT(FO) 
1 (Fl)-K) 

1 (Fl)-<-NOT (Fl) 

















INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8048P/8048PI 

TMP8035P/8035PI 




Instruction 

Code 



D7 

D6 

D5 

D4 

D3 

D2 

Dl 

DO 

1 

0 

1 

0 

0 

0 

0 

r 

1 

0 

1 

1 

1 

r 

r 

r 

d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 

1 

0 

1 

1 

0 

0 

0 

r 

d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

r 

r 

r 

0 

0 

1 

0 

0 

0 

0 

r 

0 

0 

1 

1 

0 

o 

0 

r 

1 

0 

0 

0 

0 

0 

0 

r 

1 

0 

0 

1 

0 

0 

0 

r 

1 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 


Operation Bytes Cycles* 

((Rr)K(A) 1 1 

r = 0, 1 

(RrHData 2 2 

r = 0- 7 

((Rr)HData 2 2 

r = 0, 1 


(PSW)^-(A) 

(A)*(Rr) 
r = 0-7 

(A)J((Rr)) 
r = 0, 1 


r = 0, 1 

(AK((Rr)) 
r = 0, 1 

((Rr)^(A) 
r = 0, 1 

(PC0-7MA) 
(A)*<"( (PC) ) 

(PC0-7K(A) 
(PC8-11K0011 
(A)* < "( (PC) ) 


Timer/Counter Instruction 











INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8048P/8048PI 

TMP8035P/8035PI 


__ Instruction Code _ 

D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO 


STOP TCNT 01 


EN TCNT1 0 


Operation Bytes Cycles 


1 00 101 Stop both time 1 1 

accumulation and 
event counting 

1 00 101 Timer interrupt 1 1 

is enabled 

1 10 101 Timer interrupt 1 1 

is disabled 



Control Instruction 


Mnemonics 



Instruction < 

lode 



Operation 

Bytes 

Cycles 

Flag 


D7 

D6 

i 

D5 

D4 

D3 

D2 

D1 

DO 




C 

AC 

EN I 

0 

0 

o 

0 

0 

1 

0 

1 

External inter¬ 
rupt is enabled 

1 

1 

- 

- 

DIS I 

0 

0 

0 

1 

0 

1 

0 

1 

External inter¬ 
rupt is disabled 

1 

1 

- 

- 

SEL EB0 

1 

1 

0 

0 

0 

1 

0 

1 

(BS)-K) 

1 

1 

- 

- 

SEL RBI 

1 

1 

0 

1 

0 

1 

0 

1 

(BS)^-l 

1 

1 

- 

- 

SEL MB0 

1 

1 

1 

0 

0 

1 

0 

1 

(DBFH0 

1 

1 

- 

- 

SEL MB1 

1 

1 

1 

1 

0 

1 

0 

1 

(DBF)^-l 

1 

1 

- 

- 

ENTO CLK 

0 

1 

1 

1 

0 

1 

0 

1 

Tq is enabled to 
act as the clock 
output 

1 

1 



NOP 

0 

0 

0 

0 

0 

0 

0 

0 

No operation 

1 

1 

- 

- 
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( f/ 06 hlha 

INIK5RATffiCIRCUIT 

ms 

TECHNICAL DATA 


ITMP8048P/ 8035P1 
ABSOLUTE MAXIMUM RATINGS 


TMP8048P/8048PI 

TMP8035P/8035PI 


SYMBOL 

ITEM 

RATING 

VDD 

Vdd Supply Voltage (with respect to GND (Vss)) 

-0.5V to +7V 

v C c 

V C C Supply Voltage (with respect to GND (Vgg)) 

-0.5V to +7V 

V INA 

Input Voltage (Except EA) 

-0.5V to +7V 

V INB 

Input Voltage (Only EA) 

-0.5V to +13V 

PD 

Power Dissipation (Ta=70°C) 

1.5W 

t solder 

Soldering Temperature (Soldering Time 10 sec) 

260°C 

t stg 

Storage Temperature 

-55°C to 150°C 

t opr 

Operating Temperature 

0°C to 70°C 


TA=0°C to 70°C, V cc =V dd =+ 5V±10%, Vgg=0V, Unless Otherwise Noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP, 

MAX. 

UNIT 

V IL 

Input Low Voltage 

(Except XTAL1, XTAL2, RESET) 


-0.5 

- 

0.8 

V 

VlLl 

Input Low Voltage 
(XTAL1, XTAL2, RESET) 


-0.5 

- 

0.6 

V 

VlH 

Input High Voltage 

(Except XTAL1, XTAL2, RESET) 


2.0 

- 

v cc 

V 

V IH1 

Input High Voltage 
(XTAL1, XTAL2, RESET) 


3.8 


Vcc 

V 

V 0 L 

Output Low Voltage (BUS) 

I 0L=2.0mA 

- 

- 

0.45 

V 

V 0 L1 

Output Low Voltage 
(RD, WR, PSEN, ALE) 

I 0L=1.8mA 

- 

- 

0.45 

V 

V 0 L2 

Output Low Voltage (PROG) 

I 0L=1.0mA 

- 

- 

0.45 

V 

V 0 L3 

Output Low Voltage 
(For other output pins) 

^0L=1.6mA 

- 


0.45 

V 

V 0H 

Output High Voltage (BUS) 

I OH=-400yA 

2.4 

- 

- 

V 

V 0H1 

Output High Voltage 
(RD, WR, PSEN, ALE) 

I OH=-100yA 

2.4 

- 

- 

V 

V 0H2 

Output High Voltage 
(For other output pins) 

I OH=-40yA 

2.4 

- 

- 

V 

ILI 

Input Leak Current (Tl, INT) 

V SS= V IN=^CC 

- 

- 

±10 

yA 

J LI1 

Input Leak Current 
(P10-17, P20-P27, EA, SS) 

V ss +°.45fVi N ;Vcc 

- 

- 

-500 

yA 

J L0 

Output Leak Current (BUS, TO) 
(High impedance condition) 

V S s+0.45=Vxn=V C c 

- 

- 

±10 

yA 

Idd 

v DD Supply Current 


- 

- 

15 

mA 

IDD+Icc 

Total Supply Current 


- 

- 

135 

mA 
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$odfuba 

1NTEGRATEDCIRCUIT 

^2 

TECHNICAL DATA 


TMP8048P/8048PI 
TMP8035P/8035PI 


AC CHARACTERISTICS TA-0°C to 70°c, V^q-V^q-+ 5V+1 0%, Vss = 0V, Unless otherwise Noted. 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 


ALE Pulse Width 


400 


- 

ns 

fc AL 

Address Setup Time (ALE) 


120 

- 

- 

ns 

tLA 

Address Hold Time (ALE) 


80 

- 

- 

ns 

fc CC 

Control Pulse Width (PSEN,RD,WR) 


700 

- 

- 

ns 

t DW 

Data Setup Time (WR) 


500 

- 

- 

ns 

t WD 

Data Hold Time (WR) 


120 

- 


ns 

t C y 

Cycle Time 


2.5 

- 

15.0 

Us 

l m 

Data Hold Time (PSEN, RD) 

C L =20pF 

0 

- 

200 

ns 

t RD 

Data Input Read Time (PSEN,RD) 


- 

- 

500 

ns 

fc AW 

Address Setup Time (WR) 


230 

- 


ns 

fc AD 

Address Setup Time (Data Input) 


- 

- 

950 

ns 

t AFC 

Address Float Time (RD, PSEN) 


0 

- 

- 

ns 

t CA 

Internal between Control Pulse 
and ALE 


10 

- 

! 

ns 

t CP 

Port Control Setup Time (PROG) 


110 

- 

- 

ns 

tpc 

Port Control Hold Time (PROG) 


100 

- 

- 

ns 

tpR 

Port 2 Input Data Set Time(PROG) 


- 

- 

810 

ns 

fc DP 

Output Data Setup Time (PROG) 


250 

- 

- 

ns 

fc PD 

Output Data Hold Time (PROG) 


65 

- 

- 

ns 

tpp 

Port2 Input Data Hold Time(PROG) 


0 

- 

150 

ns 

tpp 

PROG Pulse Width 


1200 

- 

- 

ns 

fc PL 

Port2 I/O Data Setup Time 


350 

- 

- 

ns 

tLP 

Port2 I/O Data Hold Time 


150 

- 

- 

ns 


Note : tCY=2.5ys, Control Output: Cl= 80 pF, BUS Output: CL=150pF, PORT20 - 23: CL=80pF. 





ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

----- 

ITEM 

RATING 

V D D 

Vdd Supply Voltage (with respect to GND (Vgs)) 

-0.5V to +7V 

v C c 

V(2C Supply Voltage (with respect to GND (Vgg)) 

-0.5V to +7V 

V INA 

Input Voltage (Except EA) 

-0.5V to +7V 

V INB 

Input Voltage (Only EA) 

-0.5V to +13V 


Power Dissipation (Ta=70°C) 

1.5W 

t solder 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

t stg 

Storage Temperature 

-55°C to 150°C 

t opr 

Operating Temperature 

-40°C to 85°C 


DC CHARACTERISTICS |TA=-40°C to 85°C|, V CC =V DD =+5V±10%, Vss = °V> Unless otherwise Not* 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

VlL 

Input Low Voltage 
(Except XTAL1, XTAL2,RESET) 


-0.5 

- 

0. 7 

V 

VlLl 

Input Low Voltage 
(XTALl, XTAL2, RESET) 


-0.5 

- 

0.6 

V 

V IH 

Input High Voltage 
(Except XTALl,XTAL2,RESET) 


2. 2 

- 

V CC 

V 

VlHl 

Input High Voltage 
(XTALl, XTAL2, RESET) 


3.8 

- 

v cc 

V 

V 0 L 

Output Low Voltage (BUS) 

I 0L=1.6mA 

- 

- 

0.45 

V 

V 0L1 

Output Low Voltage 
(RD, WR, PSEN, ALE) 

*0L=1•6mA 

- 

- 

0.45 

V 

V 0 L2 

Output Low Voltage (PROG) 

I 0L=0.8mA 


- 

0.45 

V 

V 0 L3 

Output Low Voltage 
(For other output pins) 

I 0L=1.2mA 


- 

0.45 

V 

V 0H 

Output High Voltage (BUS) 

I OH=-280yA 

2.4 

- 

- 

V 

VOHI 

Output High Voltage 
(RD, WR, PSEN, ALE) 

^OH=-80yA 

2.4 

- 

- 

V 

VOH2 

Output High Voltage 
(For other output pins) 

^H^OyA 

2.4 

- 

- 

V 

Al 

Input Leak Current(Tl,INT) 

v ss2 v in£ v cc 

- 

- 

±10 

y A 

T LI1 

Input Leak Current 
(P10-17, P20-27, EA, SS) 

v S S +°.A5£ v i N <Vc C 

- 

- 

-600 

yA 

t lo 

Output Leak Current(BUS,TO) 
(High impedance condition) 

v ss +0,45 = v in= v cc 

- 

- 

±10 

yA 

I DD 

^DD Supply Current 



- 

20 

mA 

Pdd+Pcc 

TotaJ. Supply Current 


- 

" i 

145 

mA 
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Toshiba 


TMP8048P/8048PI 
TMP8035P/8035PI 


INTEGR ATEDCIRCUIT 

iTECHNICAL DATA 

AC CHARACTERISTICS 


jTA=-40°C to 85°cL Vcc = Vdd=+5V±10%, Vss=0V, Unless otherwise Noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

tLL 

ALE Pulse Width 


200 

- 

- 

ns 

fc AL 

Address Setup Time (ALE) 


120 

- 

- 

ns 

fc LA 

Address Hold Time (ALE) 


80 

- 

- 

ns 

fc CC 

Control Pulse Width(PSEN,RD,WR) 


400 

- 

- 

ns 

tDW 

Data Setup Time (WR) 


420 

- 

- 

ns 

fc WD 

Data Hold Time (WR) 

c L=20pF 

80 

- 

- 

ns 

t CY 

Cycle Time 


2.5 

- 

15.0 

ys 

t m 

Data Hold Time (PSEN, RD) 


0 

- 

200 

ns 

t RD 

Data Input Read Time (PSEN,RD) 


- 

- 

400 

ns 

fc AW 

Address Setup Time (WR) 


230 

- 

- 

ns 

fc AD 

Address Setup Time (Data Input) 


- 

- 

600 

ns 

tAFC 

Address Float Time (RD, PSEN) 


-40 

- 

- 

ns 

t Ck 

Internal between Control Pulse 
and ALE 


10 

- 

- 

ns 

t CP 

Port Control Setup Time(PROG) 


115 

- 

- 

ns 

fc PC 

Port Control Hold Time (PROG) 


65 

- 

- 

ns 

t PR 

Port 2 Input Data Set Time (PROG)! 


- 

- 

860 

ns 

rt 

% 

Output Data Setup Time(PROG) 


230 

- 

- 

ns 

t PD 

Output Data Hold Time (PROG) 


25 

- 

- 

ns 

tpp 

Port2 Input Data Hold Time (PROG) 


0 

- 

160 

ns 

tpp 

PROG Pulse Width 


920 

- 

- 

ns 

fc PL 

Port 21/0 Data Setup Time 


300 

- 

- 

ns 

fc LP 

Port 2 I/O Data Hold Time 


120 

- 

- 

ns 


Note : tcy=2.5ps, Control Output: Cif=80pF, BUS Output: Cp i =150pF, PORT 20 - 23: 
C L =80pF. 
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t 0H (pA) I 0H (mA) 


INTEGRATEDCIRCUIT 


TMP8048P/8048PI 

TMP8035P/8035PI 


TECHNICAL DATA _ 

0. Timing of Port 2 during Expander Instruction Execution 


^ _/ \-^ \- ! t CA 

^PL . fLP 11 DP "| ’"tpD 

PORT20 _ _ ~ _ " "1 ~t ~ 

PORT23 X- PCH X / XcoStroT^^tput DaTTp ( 

(Output Data) Port 20-23 fc PR t pF 

PORT 20___ Data T " 1 1 1 

PO RT 2 3 — ” - 

(Input Data) Port 20~23 t CP t PC ^ Input Data 

Data ~ 

prog =t f 


* Input Enabled State 


TYPICAL CHARACTERISTICS 

1) BUS:I QH - V 0H 



V DD=VCC=5V 

TA=25° C 









^ __ 





3) BUS, PI, P2: Iql - V 0L 





VDD=VCC=5V 




TA=25° C 



^- 











2) PI, P2:I 0H -V 0H 


VdD=V C C=5V 
TA=25° C 


m 











TMP8084 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape is 
same as the Intel type object tape (hexadecimal tape output by Intel MDS system, 
0) Tape Format PR0MPT 48 ^elopment Tool « etc -> 



|Leader, 50 "NULL" characters or more 
-Comment (Record mark "is not included) 

l Option 

- Record Mark j 

Record Length (2 hexadecimal digits) 

•Loading Address (4 hexadecimal digits) 

"00" .... Normal Record 

Record Type (2 Digits) » 01 - .... End of FUe Record 
• Data 

Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF) n are 
optional. 

- Record Mark (Repeated below) 


Trailer, 50 "NULL” characters or more 


(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A67277F61A51C631CF9F0E80 
1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 
1003EOOOB5 3D42E0EC32546025B 7 308CDD5 206 3D1D 
1003F000B4BE9E9E345B6138060B20VC372BF60BD6 
00000001FF 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


OUTLINE DRAWING 


TMP8048P/8048PI 

TMP8035P/8035PI 


40 39 38 37 36 35 34 3332 31 3029 28 2,7 2,6 25 24 23 2221 


Unit in mm 


1 2 345 67 89 10 11 121314 15 1617 1819 20 


(Note 3) 



123456789 10 11 121314 15 1617 1819 20 


(Note 1) 
15.2410.1 



(Note 2) 


Note : 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. The pitch of leads is 2.54 and the tolerance is ±0.25 from the 
theroretical center of each lead obtained having No. 1 lead and 
No. 40 lead as the reference. 


Note : Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
cricuitry. 

© June 1981 Toshiba Corporation 




TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 

N-CHANNEL SILICON GATE MOS 


GENERAL DESCRIPTION 

TheTMP8049P, from here on referred to as the TMP8049, is a single chip 
microcomputer fabricated in N-channel Silicon Gate MOS technology which 
provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP8049 is particularly efficient as a controller. It has extensive 
bit handling capability as well as facilities for both binary and BCD arithmetic. 

The TMP8039P is the equivalent of a -TMP8049 without ROM program memory on 
chip. By using this device with external EPROM or RAM, software debugging 
becomes easy. 

The TMP8049P-6/TMP8039P-6 is a lower speed (6MHz) version of the 
TMP8049P/TMP8039P. 

FEATURES 

- Compatible with Intel’s 8049 * 128 x 8 RAM 

• 1.36yS Instruction Cycle • 27 I/O lines 

• All instruction 1 or 2 cycles • Interval Timer/Event Counter 

• Over 90 instructions; 70% single byte • Single level interrupt 

. Easy expandable memory and I/O • Single 5V supply 

• 2K x 8 masked ROM * -40°C to +85°C Operation (TMP8049PI-6/ 

TMP8039PI-6 : Industrial Specification 

PIN CONNECTIONS (Top View) 



542 



INTEGRATEDCIRCUIT 


TECHNICAL DATA 


BLOCK DIAGRAM 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 













INTEGRATEDC1RCUIT 


TECHNICAL DATA 


PIN NAMES AND PIN DESCRIPTION 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 


Vgg (Power Supply) 

Circuit GND potential 
Vqj) (Power Supply) 

+5V during operation Low power standby pin for TMP8049 RAM 
Vcc (Main Power Supply) 

+5V during operation 
PROG (Output) 

Output strobe for the TMP8243P I/O expander 
PlQ-Pl 7 (Input/Output) Port 1 

8-bit quasi-bidirectional port (internal Pullup = 50Kfi ). 

P 20~ P 27 (l n P ut: /Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup = 50K^ ). 

P20”P23 Contain the four high order program counter bits during an external 
program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 
DBq —DBy (Input/Output, 3 State) 

Ture bidirectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 
Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

Tq (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. Tq can be designated as a clock output using ENTO CLK instruction. 

T]_ (Input) 

Input pin testable using the JT1 and JNT1 instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active Low) 

RD (Output) 

Output strobe activated during a Bus read. Can be used to enable data 
onto the Bus from an external device. Used as a Read Strobe to External 
Data Memory (Active Low). 

WR (Output) 

Output strobe during a Bus write (Active Low) Used as a Write Strobe to 
External Data Memory. 
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INTEGRATEDCIRCUIT 

TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 

ms 

TECHNICAL DATA 


RESET (Input) 


Active Low signal which is used to initialize the Processor. Also used 
during Power down. 

ALE (Output) 

Address Latch Enable. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed into 
a wait state after it has completed the instruction being executed. 

EA (Input) 

External Adcess input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for testing 
and program verification. (Active High). 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for exter¬ 
nal source. 

XTAL 2 (Input) 

Other side of crystal input. 

FUNCTIONAL DESCRIPTION 

1. System Configuration 

The following system functions of the TMP8049 are described in detail. 


(1) 

Program Memory 

(6) 

Stack (Stack Pointer) 

(2) 

Data Memory 

(7) 

Flag 0, Flag 1 

(3) 

I/O Port 

(8) 

Program Status Word (PSW) 

(4) 

Timer/Counter 

(9) 

Reset 

(5) 

Interrupt Control Circuit 

(10) 

Oscillator Circuit 


(1) Program Memory 

• The maximum memory that can be directly addressed by the TMP8049 is 
4096 bytes. The first 2048 bytes from location 0 through 2047 can be 
internal resident mask ROM. The rest of the 2048 bytes of addressable 
memory are external to the chip. The TMP8039 has no internal resident 
memory; all memory must be external. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8Q39PI-6 


• There are three locations in Program Memory of special importance. 



Memory Bank 1 


Memory Bank 0 


Program Memory Area 


• Location 0 

Activating the Reset line of the processor causes the first instruc¬ 
tion to be fetched from Location 0. 

• Location 3 

Activating the interrupt line of the processor (if interrupt enabled) 
causes a jump to subroutine defined by address held in Location 3. 

• Location 7 

A timer/counter interrupt resulting from a timer/counter overflow 
(if enabled) causes a jump to a subroutine defined by address held 
in Location 7. 

• Program addresses 0-2047 and 2048-4095 are called memory banks 0 

and 1 respectively. Switching of memory banks is achieved by changing the 
most significant bit of the program counter (PC) during execution of an 
unconditional jump instruction or call instruction executed after using 
SEL MB0 or SEL MBl. 

Reset operation automatically selects Bank 0. 


(2) Data Memory 

. Resident Data Memory (volatile RAM) is organized as 128 words by 8-bits wide. 

• The first 8 locations (0 - 7) of the memory array are designated as working 
registers and are directly addressable by several instructions. 

By executing a Register Bank switch instruction (SEL RBI) locations 24 - 31 
are designated as the working registers in place of 0 - 7, 
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INTEGRATEDCIRCUIT 

fR2 

TECHNICAL DATA 


THP8049P/8049P-6/8049P1-6 
TMP8039P/8039P-6/8039P1-6 


Address 

127 


32 
31 

24 
23 

8 
7 
0 

Internal Data Memory Area 


Data Memory 


Reslster Bank 1 
RBI 

8 Level Stack 

(16 byte) 

Resister Bank 0 
RBO 


• RAM locations 8-23 serve a dual role in that they contain the program 
counter stack which is a stack 2 bytes wide by 8 levels deep. These 
locations store returning addresses from subroutines. If the level of 
subroutine nesting is less than the permitted 8, you free up 2 bytes of 
RAM for general use for every level of nesting not utilized, 

• ALL 128 locations are indirectly addressable through either of two RAM 
Pointer Registers which reside at RO and Rl of the Register array. 

• The TMP8049 architecture allows extension of the Data Memory to 256 words. 


(3) Input/Output Ports 

• The TMP8049 has 27 I/O lines which can be used for either'input or output. 
These I/O lines are grouped into 3 ports each having 8 bidirectional lines 
and 3 "test" inputs which can alter program sequences when tested by con¬ 
ditional jump instructions. 

• Ports 1 and 2 are each 8-bits wide and have identical characteristics. 

Data written to these ports is statically latched and remains unchanged 
until rewritten. As input ports these lines are non-latching, i.e., inputs 
must be present until read by an input instruction. 

• All lines of Ports 1 and 2 are called quasi-bidirectional because of a 
special output circuit structure (illustrated in Figure 1). Each line is 
continously pulled to a +5V level through a high impedance resistive device 
(50Kfi) which is sufficient to provide the source current for a TTL high 
level yet can be pulled low by a standard TTL gate thus allowing the same 
pin to be used for both input and output. In order to speed up the "0" 

to "1" transition a low impedance device (5Kft) is switched in momentarily 
whenever a "l" is written to line. When a "0" is written to line a low 
impedance device overcomes the pullup and provides TTL current sinking 
capability. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 



50kfi I/O pins 
Portl or 2 


Fig.l Input/Output Circuit of Port 1, Port 2 


• Reset initializes all lines to a high impedance "l" state. 

. When external data memory area is not addressed during execution of an 
internal program. Port 0 (DBO - DB7) becomes a true bidirectional port 
(bus) with associated input and output strobes. If bidirectional feature 
not needed Bus can serve as either a statically latched output port or 
a non-latched input port. However, I/O lines of this port cannot be 
intermixed. 

• As a static port data is written and latched using the OUTL instruction 
and inputted using the INS instruction these two commands generate 
pulses on the corresponding RD and WR strobe lines. 

• As a bidirectional port the MOVX instructions are used to read and write 
the port which generate the WR RD strobes. 

• When not being written or read, the Bus lines are in a high impedance 
state. 


(4) Timer/Event Counter 

• The 8-bit binary up counter can use either of the following frequency 
inputs 

(1) Internal clock (1/480 of OSC frequency) 

.. Timer mode 
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^oSuba 

INTEGR ATEDC1RCUIT 

ms 

TECHNICAL DATA 


TMP8049P/8049P-6/8049P1-6 
TMP80 39P / 80 39P- 6/ 80 39PI - 6 


(2) External input clock form T1 terminal 

(minimum cycle time 3 x ALE cycle) 

.. Event Counter mode 


The counter is presettable and readable with two MOV instructions 
which transfer the content of the accumulator to the counter and vice 
versa. The counter content is not affected by a Reset and is initial¬ 
ized solely by the MOVT, A instruction. The counter is stopped by a 
Reset or STOP TCNT instruction and remains stopped until started by 
START T instruction or as an event counter by a START CNT. Once started 
the counter will increment to its maximum count (FF) and overflow to 
Zero continuing its count until stopped by a STOP TCNT instruction or 
RESET,. 

The increment from maximum count to Zero (overflow) results in the setting 
of an overflow flag and the generation of an interrupt request. When 
interrupt acknowledged a subroutine call to Location 7 will be initiated. 
Location 7 should store the starting address of the timer or counter 
service routine. The state of the overflow flag is testable with the 
conditional JUMP (JTF). The flag is reset by executing a JTF or by RESET. 
Figure 2 illustrates the concept of the timer circuit. 


XTAL/15 



Timer Overflow Flag 
Flip-Flop 


Cleared on Start Timer 


STOP TCNT O 


STRT T 



8-Bit Timer/ 
Counter 


STRT CNT 


JTF Instruction 


Timer Interrupt 
Request Flip-Flop 


Read/Write Enable 



INT 


Timer Interrupt Enable 


Fig.2 Concept of Timer Circuit 
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^osfuba 


INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 



Fig.3 Concept of Interrupt Control Circuit 


(5) Interrupt Control Circuit 


. There are two distinct types of Interrupts in the TMP8049. 

(1) External Interrupt from the INT terminal 

(2) Timer Interrupt caused by timer overflow 







1 $>3uba 

INTEGRATEDCIRCUIT 

mm 

TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 
TMP9039P/8039P-6/8039P1-6 


. The interrupt system is single level in that once an interrupt is detected 
all further interrupt requests are ignored until execution of an RETR 
(which should occur at the end of an interrupt service routine) reenables 
the interrupt input logic. 

• An int erru pt sequence is initiated by applying a low level "0" to the INT 
pin. INT is level triggered and active low which allows "Wire Oring" of 
several interrupt sources. The interrupt level is sampled every machine 
cycle during ALE and when detected causes a "jump to subroutine" at Loca¬ 
tion 3. As in any call to subroutine, the Program Counter and Program 
Status Word are saved in the stack. 

. When an overflow occurs in the internal timer/event counter an interrupt 
request is generated which is reserviced as outlined in previous paragraph 
except that a jump to Location 7 is used instead of 3. If INT and times 
overflow occur simultaneously then external request INT takes precedence. 

• If an extra external interrupt is needed in addition to INT this can be 
achieved by enabling the counter interrupt, loading FFH in the counter 
(one less than the terminal count), and enabling the event counter mode. 

A "1" to "0" transition on Tl will cause an interrupt vector to Location 7. 

• The interrupt service routine pointed to be addresses in Location 3 or 7 
must reside in. memory between 0 and 2047, i,e., Bank 0. 

Figure 3 illustrates the concept of the interrupt control circuit. 


(6) Stack (stack Pointer) 

• An interrupt or Call to a subroutine causes the contents of the program 
counter to be stored in one of the 8 register pairs of the Program Counter 
Stack. The pair to be used is determined by a 3-bit stack pointer which is 
part of the Program Status Word (PSW explained in section (8)). Data RAM 
locations, 8 through 23 are available as stack registers and are used to 
store the program counter and 4-bits of PSW as shown in the figure. 

• The stack pointer when initialized points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program counter contents 
being transferred to Locations 8 and 9. Then the stack pointer is incre¬ 
mented by one to point to Locations 10 and 11. Eight levels of subroutine 
are obviously possible. 

. At the end of a subroutine signalled by a RET or RETR causes the stack 
pointer to be decremented by one and the contents of the resulting pair 
to be transferred to the Program Counter. 
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1 ^o&iuba 

INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 



23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 


Stack RAM 

Pointer Address 


(7) Flag 0, Flag 1, (F0, Fl) 

. The TMP8049 has two flags F0 and Fl which are used for conditional 
jump. These flags can be set, reset and tested with the conditional 
jump instruction JFO. 

. F0 is a part of the program status word (PSW) and is saved in the 
stack area when a subroutine is called. 


(8) Program Status Word (PSW) 

* An 8—bit status word which can be loaded to and from the accumulator 
exsists called the Program Status Word (PSW). The PSW is read by a 
MOV A, PSW and written to by a MOV PSW, A. The information available 
in the PSW is shown in the diagram below. 
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^ a 

INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 


Stack Pointer 


/ \ 






'////// 




c 

AC 

FO 

BS 


S2 

Si 

s o 


MSB 


Saved in stack area Spare 
at the time of Sub¬ 
routine Call. 


LSB 


("1" during Read) 


Bits 0 - 2 : Stack Pointer Bits(So» Si, S 2 ) 

Bit 3 : Not used ("1" level when read.) 

Bit 4 : Working Register Bank Switch Bit 

(BS) 

0 = Bank 0 
1 = Bank 1 

Bit 3 : Flag 0 (FO) 

Bit 6 : Auxiliary Carry (AC) carry bit generated by an ADD 

instruction and used by the decimal adjust instruction 
DA, A (AC) 

Bit 7 : Carry (C) flag which indicates that the previous 

operation has resulted in the accumulator. 

(C) 

(9) Reset 

• The reset input provides a means for initialization of the processor. 
This Schmitt trigger input has an internal pullup resistor which in 
combination with an external lyF capacitor provides an internal reset 
pulse sufficient length to guarantee that all internal logic is 
initialized. 


, lkft 


777 



RESET 
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INTEGRATEDCIRCUIT 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 


TECHNICAL DATA 


If the pulse is generated externally the reset pin must be held at ground 
(<0.5V)for at least 50mS after the power supply is within tolerance. 

Reset performs the following functions within the chip: 

(i) Sets PC to Zero. 

(ii) Sets Stack Pointer to Zero. 

(iii) Selects Register Bank 0. 

(iv) Selects Memory Bank 0, 

(v) Sets BUS (DBO - DB7) to high impedance state, (Except when EA = 5V) 

(vi) Sets Ports 1 and 2 to input mode. 

(vii) Disables interrupts (timer and external). 

(viii) Stops Timer. 

(ix) Clears Timer Flag, 

(x) Clears F0 and Fl. 

(xi) Disables clock output TO, 


(10) Oscillator Circuit 


• TMP8049 can be operated by the external clock input in 
crystal oscillator as shown below. 


+5V 


addition to 



XTAL 1 


XTAL 2 



2. Basic Operation and Timing 

The following basic operations and timing are explained 

(1) Instruction Cycle 

(2) External Memory Access Timing 

(3) Interface with I/O Expander TMP8243P 

(4) Internal Program Verify (Read) Timing 

(5) Single Step Operation Timing 

(6) Low Power Stand-by Mode 
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1 tfodiuba 

INTB3RATEDCIRCUIT 

f6S 

TECHNICAL DATA 


TMP8049P/8049P-6/8049P1-6 
TMP8039P/8039P-6/8039PI- 6 


(1) Instruction Cycle 

• The instructions of TMP8049 are executed in one or two machine cycles, 
and one machine cycle consists of five states. 

• Fig.4 illustrates its relationship with the clock input to CPU. 

• cf)2 clock shown in Fig. 4 is derived to outside by ENTO CLK instruction. 

• ALE can be also used as the clock to indicate the machine cycle as well 
as giving the external address latch timing. 

(2) External Memory Access Timing 
(i) Program Memory Access 

• TMP8049 programs are executed in the following three modes. 

(1) Execution of internal program only. 

(2) Execution of both external and internal programs. 

(3) Execution of external program only. 

The external program memory is accessed (instructions are fetched) 
automatically when the internal ROM address is exceeded in mode (2) 
and from initial start address 0 in mode (3). 

. In the external program memory access operation, the following will occur 

• The contents of the 12-bit program counter will be output on BUS(DB0 - 
DB7) and the lower 4-bits of Port 2. 

. Address Latch Enable (ALE) will indicate the time at which address is 
valid. The trailing edge of ALE is used to latch the address externally. 

• Program Store Enable (PSEN) indicates that an external instruction 
fetch is in progress and serves to enable the external memory device. 

• BUS (DBO - DB7) reverts to Input mode and the processor accepts its 
8-bit contents as an Instruction Word. 

• Figure 5 illustrates the timing. 

(ii) Access of External Data Memory 

• In the extended data memory access operation during READ/WRITE cycle the 
following occurs 

. The contents of RO Rl is output onto BUS (DBO - DB7). 

• ALE indciates address is valid. The trailing edge of ALE is used to 
latch the address externally. 

• A read RD or write WR pulse on the corresponding output pins indicates 
the type of dat a memory access in progress. Output data valid at trail- 
ing edge of WR and input data must be valid at trailing edge of RD. 

• Data (8-bits) is transferred over BUS. 
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INTEGRATEDCIRCUIT 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 


TECHNICAL DATA 


xTA ' ; * in ^ m 
(6MHz) 

wf—i m m m i—if 

(2MHz) - 1 1 - 1 1 - 1 1 - 1 1 - 1 - 



ALE 

(400kHz J 


Next Address Latch Timin 

t:_ 


Fig.4 Instruction Cycle Timing 


p2o - P23 ~~ x^rx Address xi^rx Address x&s x Address 



Fig.5 Timing of External Program Memory Access 


TMP9049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039P1-6 




Toshiba 

INTEGRATEDCIRCUIT 

TMP8049P/8049P-6/8049PI-6 

£62 

TECHNICAL DATA 

TMP8039P/8039P-6/8039PI-6 


• Figure 6 illustrates the timing of accessing the external data memory 
during execution of external program. 


(3) Interface with I/O Expander (TMP8243P) 

* The TMP8049 I/O can be easily expanded using the TMP8243 I/O Expander. 
This device uses only the lower half 4-bits of Port 2 for communication 
with the TMP8049'. The TMP8243 contains four 4-bit I/O ports which serve 
as extensions of one chip I/O and are addressed as Ports (4-7). All 
communication takes place over the lo&er half of Port 2 (P20 - P23) with 
timing provided by an output pulse on the PROG pin. Each transfer con¬ 
sists of two 4-bit nibbles the first containing the M 0P Code” and port 
address and the second containing the actual 4-bits of data. 

+12V 



Fig.7 Timing of Rading Internal Program Memory 



Fig.8-(a) Single Step Circuit 
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^oSuba 


INTEGR ATEDCIRCUIT 


TMP8049P/8049P-6/8049PI- 6 
TMP8039P/8039P-6/8039PI-6 


TECHNICAL DATA 


(4) Reading of Internal Program Memory 

. The processor is placed in the READ mode by applying +12V to the EA pin 

and OV to the RESET pin. The address of the location to be read is then 

applied to BUS and the low order 2-bits of Port 2. The address is latched 
by a 0 to 1 transition on RESET and the high level causes the contents of 
program memory location addressed to appear on the eight lines of BUS. 

• Figure 7 illustrates the timing diagram for this operation. 

(5) Single Step Operation. 

• A single step feature useful for debug can be implemented by utilizing a 
circuit shown in Figure 8 (a) combined with the SS pin and ALE pin. 

• A D-type flip flop with set and reset is used to generate SS. In the run 

mode SS is held high by keeping the flip flop set. To enter single step, 

set is removed allowing ALE to bring SS low via reset input. The next 
instruction is started by clocking a "l" into the FF which will not appear 
on SS unless ALE is high removing reset. In response to SS going high 
the processor begins an instruction fetch which brings ALE low resetting 
FF and causing the processor to again enter the stopped state. 

• The timeing deagram in this case is as shown in Figure 8 (b). (EA = 5V). 

(6) Lower Power Stand-by Mode. 

• The TMP8049 has been organized to allow power to be removed from all but 
the volatile, 128 * 8 data RAM array. In power down mode the contents 
of data RAM can be maintained while drawing typically 10 - 15% of normal 
operating power requirements. 

VCC serves as the 5V supply for the bulk of the TMP8049 while the VDD 
supplies only the RAM array. In standby mode VCC is reduced to 0V but V^p 
is kept at 5V. Applying a low level to reset inhibits any access to the 
RAM by the processor and guarantees that RAM cannot be inadvertently 
altered as power is removed from VCC. 


SS 

ALE 

DBO - DB7 


_ / \ _ 

” \_ J | _} For two 

Instruction Input instruction 

Address (PC) z>o—c Address (PC+1) 


P20-P23 Address (PC) 


xzzx 


Address (PC+1) 


Port20- 23 
Data 


Fig.8(b) Single Step Operation Timing 
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3 INTEGRATEDCIRCUIT 

TMP8049P/8049P-6/8049PI-6 

■ 

#• 

TMP8039P/8039P-6/8039PI-6 

E TECHNICAL DATA 


INSTRUCTION 


ACCUMULATOR INSTRUCTION 



Instruction 

Mnemonic ----- 

_ D7 D6 D5 D4 D3 

ADD A,Rr 0 110 1 

ADD A, @Rr 0 1 10 0 

ADD A,//Data 0 0 0 0 0 

d7 d6 d5 d4 d3 

ADDC A,Rr 0 1111 

ADDC A,@Rr 0 1 11 0 

ADDC A,//Data 0 0 0 1 0 

d7 d6 d5 d4 d3 

ANL A, Rr 0 1 0 1 1 

ANL A, @Rr 0 1 0 1 0 

ANL A,//Data 0 10 10 

d7 d6 d5 d4 d3 

ORL A,Rr 0 10 0 1 

ORL A, @Rr 0 1 0 0 0 

ORL A,//Data 0 10 0 0 

d7 d6 d5 d4 d3 

XRL A,Rr 11 0 1 1 

XRL A,@Rr 11 0 1 0 

XRL A,//Data 110 10 

d7 d6 d5 d4 d3 

INC A 0 0 0 1 0 

DEC A 0 0 0 0 0 

CLR A 0 0 10 0 

CPL A 0 0 110 

DA A 0 10 10 

SWAP A 0 10 0 0 


1 1 
dl dO 


1 1 
dl dO 


1 1 
dl dO 


1 1 
dl dO 


1 1 
dl dO 


Operation Bytes Cycles 

(A)«-(A)+(Rr) 1 1 

r = 0- 7 

(AMA)+(Rr) 1 1 

r = 0, 1 

(A)*-(A)+Data 2 2 


(A)«-(A)+(Rr)+(C) 1 

r = 0- 7 

(AH(A)+((Rr))+(C) 1 

r = 0, 1 

(AH(A)+Data+(C) 2 


(A)+-(A)A(Rr) 
r = 0 - 7 

(A)«-(A)A((Rr)) 
r = 0, 1 

(A)^(A)AData 

(A)«-(A)V(Rr) 
r = 0 - 7 

(A)«-(A)V((Rr)) 
r = 0, 1 

(AH(A)VData 

(AMA)V(Rr) 
r = 0 - 7 

(A)«-(A)Y((Rr)) 
r = 0, 1 

(A)^-(A)V'Data 

(A)«-(A)+1 

(Ah(A)-l 

(A)«-0 

(A)^-NOT (A) 

Decimal Adjust 
Accumulator 

(A4-7)£(A0-3) 




INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 


Mnemonic 

Instruction Code 

Operation 

Bytes 

Cycles 

Flag 1 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

C 

AC 

RL A 

1 

1 

1 

0 

0 

1 

1 

1 

(An+l)^(An) 
n = 0 - 6 

(A0)+(A7) 

1 

1 


- 

RLC A 

1 

1 

1 

1 

0 

1 

1 

1 

(An+l)+-(An) 
n = 0 - 6 
(C)+-(A7) 

(A0)«-(C) 

1 

1 



RR A 

0 

1 

1 

1 

0 

1 

1 

1 

(An)^-(An+l) 
n = 0 - 6 
(A7)^(A0) 

1 

1 



RRC A 

0 

1 

1 

0 

0 

1 

1 

1 

(An)^-(An+l) 
n = 0 -6 
(C)^(AO) 

(A7MC) 

1 

1 




Input/Output Instruction 



Instruction Code 


Bytes 

Cycles 

Flag ! 

Mnemonic 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Operation 

A 

AC 

IN A,Pp 

0 

0 

0 

0 

1 

0 

P 

P 

(A)*-(Pp) 

1 

2 

- 

- 










P = 1, 2 





OUTL Pp,A 

0 

0 

1 

1 

1 

0 

P 

P 

(PpH(A) 

1 

2 

- 

- 










P = 1, 2 





ANL Pp, //Data 

1 

0 

0 

1 

1 

0 

P 

P 

(Pp)^-(Pp)AData 

2 

2 

- 

- 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 

P = 1, 2 





ORL Pp,#Data 

1 

0 

0 

0 

1 

0 

P 

P 

(Pp)^-(Pp) VData 

2 

2 

- 

- 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 

P = 1, 2 





INS A,BUS 

0 

0 

0 

0 

1 

0 

0 

0 

(AH(BUS) 

1 

2 

- 

- 

OUTL BUS,A 

0 

0 

0 

0 

0 

0 

1 

0 

(BUS)^-(A) 

1 

2 

- 

- 

ANL BUS,//Data 

1 

0 

o 

1 

1 

0 

0 

0 

(BUSH(BUS)AData 

2 

2 

- 

- 


d.7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 






ORL BUS,//Data 

1 

0 

0 

0 

1 

0 

0 

0 

(BUS(BUS )V Data 

2 

2 

- 

- 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 






MOVD A,Pp 

0 

0 

0 

0 

1 

1 

P 

P 

(A0-3H(Pp) 

(A4-7)^-0 

1 

2 

- 

- 










P = 4 - 7 





MOVD Pp,A 

0 

0 

1 

1 

1 

1 

P 

P 

(PpH(A0-3) 

1 

2 

- 

- 








i 


P = 4 - 7 






561 




INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI-6 


Mnemonic 

Instruction Code 

Operation Bytes 

Cycles 

Flag 

D7 

D6 

D5 D4 

D3 

D2 

D1 

DO 

C 

AC 

ANLD Pp,A 

1 

0 

0 1 

1 

1 

P 

P 

(Pp)-KPp)A(A0-3) 1 

2 

_ 

_ 









P = 4 - 7 




ORLD Pp, A 

1 

0 

0 0 

1 

1 

P 

P 

(Pp)"*"(Pp) V(A0-3) 1 

2 

- 

- 









P = 4 - 7 

_ 




Register Instruction 


. 



Instruction Code 






Flag 


D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 




C 

AC 

INC Rr 

0 

0 

0 

1 

1 

r 

r 

r 

(Rr)*-(Rr)+l 
r = 0 -7 

1 

1 

- 

- 

INC @Rr 

0 

0 

0 

1 

0 

0 

0 

r 

((Rr)H((Rr))+l 
r = 0, 1 

1 

1 

- 

- 

DEC Rr 

1 

1 

0 

0 

1 

r 

r 

r 

(Rr)-*-(Rr)-l 
r = 0 - 7 

1 

1 

- 

- 


Branch Instruction 


Mnemonic 


JMP Address 

JMPP @A 

DJNZ Rr, 
Address 


Instruction Code 

Operation 

Bytes 

Cycles 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 




alO 

a9 

a8 

1 

0 

1 

0 

0 

(PCO-7H(aO-7) 

2 

2 

a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

(PC8-10)«-(a8-10) 

(PC11HDBF 



1 

0 

1 

1 

0 

0 

1 

1 

(PC0-7K((A>) 

1 

2 

1 

1 

1 

0 

1 

r 

r 

r 

(RrH(Rr)-l 

2 

2 

a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if Rr not 0 
(PCO-7)^(aO-7) 



1 

1 

1 

1 

0 

1 

1 

0 

(PC0-7H(a0-7) 

2 

2 

a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if C = 1 
(PC) = (PC)+2 
if C = 0 



1 

1 

1 

0 

0 

1 

1 

0 

(PCO-7WaO-7) 

2 

2 

a7 

a6 

a5 

a4 

a3 

a2 

al 

aO 

if C = 0 
(PC)+-(PC)+2 











if C = 1 











INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8049P/8049P-6/8049PI- 6 
TMP8039P/8039P-6/8039PI-6 


Mnemonic : — 

d; 

JZ Address 1 


JNZ Address 1 


JTO Address 0 


JNTO Address 0 


JT1 Address 0 


JNT1 Address 0 


JFO Address 


JF1 Address 0 


JTF Address 0 


JN1 Address 


JBb Address b2 
a7 


Instruction 

D7 

D6 

D5 

D4 

D3 

D2 

1 

1 

0 

0 

0 

1 

a7 

a6 

a5 

a4 

a3 

a2 


Operation !Bytes Cycles 
-7)«-(a0-7) ! 2 2 


0 0 
a6 a5 


0 1 
a6 a5 


1 0 
a6 a5 


1 0 
a6 a5 


0 1 
a6 a5 


0 0 
a6 a5 


0 0 
a6 a5 


bl bO 
a6 a5 


1 0 
a4 a3 


1 0 
a4 a3 


0 0 
a4 a3 


1 0 
a4 a 3 


0 0 
a4 a 3 


1 0 
a4 a3 


1 0 
a4 a3 


1 0 
a4 a3 


0 0 
a4 a3 


1 0 
a4 a3 


1 1 
a2 al 


1 1 
a2 al 


1 1 
a2 al 


1 1 
a2 al 


1 1 
a2 al 


1 1 
a2 al 


1 1 
a2 al 


1 1 
a2 al 


1 1 
a2 al 


0 1 
a2 al 


0 (PC0-7)+(a0-7) 

aO if (A) = 0 
(PC)-e(PC)+2 
if (A) 4= 0 

0 (PCO-7)«-(aO-7) 

aO if (A) 4= 0 
(PC)«-(PC)+2 
if (A) = 0 

0 (PCO- 7)-e(a0- 7) 

aO if TO = 1 

(PCH(PC)+2 
if TO = 0 

0 (PCO-7)^(aO-7) 

aO if TO = 0 

(PCH(PC)+2 
if TO = 1 

0 (PC0-7H(a0-7) 

aO if T1 = 1 
(PCH(PC)+2 
if T1 = 0 

0 (PCO-7)-e(aO-7) 

aO if T1 = 0 

(PC)^(PC)+2 
if T1 = 1 

0 (PCO-7WaO-7) 
aO if FO = 1 

(PC)^(PC)+2 
if FO = 0 

0 (PCO-7MaO-7) 
aO if FI = 1 

(PC)^(PC)+2 
if FI = 0 

0 (PCO-7MaO-7) 
aO if TF = 1 

(PC)«-(PC)+2 
if TF = 0 

0 (PCO-7K(aO-7) 

aO if INT = 0 
(PC)^(PC)+2 
if INT = 1 

0 (PCO-7MaO-7) 

aO if Bb = 1 

(PC)*-(PC)+2 
if Bb = 0 
(b = 0 - 7 ) 












INTEGR ATEDCIRCUIT 

S TECHNICAL DATA 

Subroutine Instruction 

„ . Instruct 

Mnemonics -----.- 




Instruction ( 

a) 

0 


D7 

D6 

D5 D4 D3 

D2 

D1 DO 

alO 

a9 

a8 1 0 

1 

0 0 

a7 

a6 

a5 a4 a3 

a2 

al aO 

1 

0 

OOO 

0 

1 1 

1 

0 

0 1 0 

0 

1 1 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 


Operation Bytes Cycles 


(PC),(PSW4-7) 
(SP)«-(SP)+1 
(PC8-10Ma8-10) 
(PCO-7K(aO-7) 
(PC11)«-DBF 


(PCM(SP)) 

(SP)«-(SP)-1 

(PCM(SP)) 

(PSW4-7)«-((SP)) 


Flag Manipulation Instruction 




Instruction C 

ode 






D7 

D6 

D5 D4 

D3 

D2 

D1 

DO 




CLR C 1 

0 

0 1 

0 

1 

1 

1 

(CKO 

l 

l 

CPL C 1 

0 

1 0 

0 

1 

1 

1 

(CHNOT(C) 

l 

l 

CLR FO 1 

0 

0 0 

0 

1 

0 

1 

(FOHO 

l 

l 

CPL FO 1 

0 

0 1 

0 

1 

0 

1 

(FO)^NOT(FO) 

l 

l 

CLR FI 1 

0 

1 0 

0 

1 

0 

1 

(Fl)-MD 

l 

l 

CPL FI 1 

0 

1 1 

0 

1 

0 

1 

(fi Knot (fi) 

l 

l 


Data Transter Instruction 

Mnemonics -,-,—— 


Operation 



Bytes Cycles L 




INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 


Instruction Code 


Mnemonics 

D7 

D6 

D5 

D4 

D3 

D2 

1)1 

DO 

Operation 

MOV @Rr, A 

1 

0 

1 

0 

0 

0 

0 

r 

((Rr)H(A) 
r = 0, 1 

MOV Rr,#Data 

1 

0 

1 

1 

1 

r 

r 

r 

(Rr)^-Data 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 

r = 0 - 7 

MOV @Rr, //Data 

1 

0 

1 

1 

0 

0 

0 

r 

( (Rr) )«-Data 


d7 

d6 

d5 

d4 

d3 

d2 

dl 

dO 

r = 0, 1 

MOV A,PSW 

1 

1 

0 

0 

0 

1 

1 

1 

(A)«-(PSW) 

MOV PSW,A 

1 

1 

0 


0 

1 

1 

1 

(PSW)^(A) 

XCH A, Rr 

0 

0 

1 

0 

1 

r 

r 

r 

(A)^ (Rr) 
r = 0 - 7 

XCH A,@Rr 

0 

0 

1 

0 

0 

0 

0 

r 

(A)J((Rr)) 
r = 0, 1 

XCHD A,@Rr 

0 

0 

1 

1 

0 

0 

0 

r 

(A0-3)J((Rr0-3 
r = 0, 1 

MOVX A,@Rr 

1 

0 

0 

0 

0 

0 

0 

r 

(A)<-((Rr)) 
r = 0, 1 

MOVX @Rr,A 

1 

0 

0 

1 

0 

o 

0 

r 

((Rr)K(A) 
r = 0, 1 

MOVP A,@A 

1 

0 

1 

0 

0 

0 


1 

(PC0-7MA) 

(AK((PC)) 

MOVP3 A,@A 

1 

i 

i ! 

1 

0 

0 

0 

1 

1 

(PC0-7)^(A) 

(PC8-11)^0011 

(AK((PC)) 


Timer/Counter Instruction 



Instruction Code 


Bytes 

Cycles 

— 

i 

29 


D7 D6 D5 D4 D3 D2 

Dl 

DO 




C 

IQ 


MOV A,T 
MOV T,A 
STRT T 


0 (A)-KT) 

0 (Th(A) 

1 Counting is 

started in the 
timer mode 

1 Counting is 

started in the 
event counter 
mode 




INTEGRAT0CIRCUIT 


Toshiba 


fH:£ TECHNICAL DATA 


Mnemonics 

Instruction Code 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

STOP TCNT 

0 

1 

1 

0 

0 

1 

0 

EN TCNT1 

0 

0 

1 

0 

0 

1 

0 

DIS TCNTl 

0 

0 

1 

1 

0 

1 

0 


Control Instruction 


Mnemonics 

Instruction Code 


D7 

'D6 

D5 

D4 

D3 

D2 

D1 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039PI- 6 












^ a 

INTEGRATEDCIRCUIT 

IR2 

TECHNICAL DATA 


TMP8049P/8049P-6/8049P1-6 
TMP8039P/8039P-6/8039PI-6 


|TMP8049P/8039P/8049P-6/8039P-6| 
ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

v D d 

Vdd Supply Voltage (with respect to GND (V 55 )) 

-0.5V to +7V 

v C c 

VcC Supply Voltage (with respect to GND (V$s)) 

-0.5V to +7V 

V INA 

Input Voltage (Except EA) 

-0.5V to +7V 

V INB 

Input Voltage (Only EA) 

-0.5V to +13V 

?D 

Power Dissipation (Ta=25°C) 

1.5W 

t solder 

Soldering Temperature (Soldering Time 10 sec.) 

260° C 

TsTG 

Storage Temperature 

-55° C to 150° C 

t opr 

Operating Temperature 

0°C to 70°C 


DC CHARACTERISTCS 

TA=0°C to 70°C, V cc =V dd =+ 5V±10%, V sg =OV, Unless Otherwise Noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

VlL 

Input Low Voltage 


-0.5 

- 

0.8 

V 

VlH 

Input High Voltage 
(Except XTAL1, XTAL2, RESET) 


2.0 

- 

vcc 

V 

V IH1 

Input High Voltage 
(XTALl, XTAL2, RESET) 


3.8 

- 

V CC 

V 

V 0 L 

Output Low Voltage (BUS) 

I 0L=2.0mA 

- 

- 

0.45 

V 

V 0 L1 

Output Low Voltage 
(RD, WR, PSEN, ALE) 

IOL=l. 8 mA 

- 

- 

0.45 

V 

V 0 L2 

Output Low Voltage (PROG) 

IoL=l.0mA 

- 

- 

0.45 

V 

V 0L3 

Output Low Voltage 
(For other output pins) 

^0L=1. 6 mA 

- 

- 

0.45 

V 

V 0 H 

Output High Voltage (BUS) 

I 0H=-400yA 

2.4 

- 

- 

V 

V 0 H 1 

Output High Voltage 
(RD, WR, PSEN, ALE) 

I 0H=-100yA 

2.4 

- 


V 

V 0 H 2 

Output High Voltage 
(For tothe output pins) 

I OH=-40 y A 

2.4 

- 

- 

V 

X LI 

Input Leak Current (Tl, INT) 

V SS= V IN= V CC 

- 

- 

±10 

yA 

T LI1 

Input Leak Current 
(P10-17, P20-P27, EA, SS) 

Vss+ 0 .4 5 <V in <Vcc 

- 

- 

-500 

yA 

X L0 

Output Leak Current (BUS, TO) 
(High impedance condition) 

V SS + 0 ' 45 = v IN= v CC 

- 

- 

±10 

yA 

X DD 

V DD Supply Current 


- 

- 

50 

mA 

I DD +I CC 

Total Supply Current 


__i 

- 

170 

mA 
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INTEGR ATEDC1RCUIT 

^2 

TECHNICAL DATA 


AC CHARACTERISTICS 


TMP8049P/8049P-6/8049PI-6 
TMP8039P/8039P-6/8039P1-6 


TA=0°C to 70°C, V cc =V dd =+5V±10%, V ss =OV, Unless Otherwise Noted 


SYMBOL 

PARAMETER 

TEST CONDITION 

TMP8049P/ 

TMP8039P 

TMP8049P-6/ 

TMP8039P-6 

UNI 




MIN. 

MAX. 

MIN. 

MAX. 


tLL 

ALE Pulse Width 


150 

- 

400 

- 

n 

t AL 

Address Setup Time (ALE) 


70 

- 

150 

- 

n 

t-LA 

Address Hold Time (ALE) 


50 

- 

80 

- 

i_ n 

tcc 

Control Pulse Width 
(PSEN, RD, WR) 


300 

- 

700 

- 

n 

tDW 

Data Setup Time (WR) 


250 

- 

500 

- 

n 

t WD 

Data Hold Time (WR) 

c L=20pF 

40 

- 

120 

- 

n 

fc CY 

Cycle Time 

11MHz XTAL 

(6MHz XTAL for -6) 

1.36 

15.0 

2.5 

15.0 

U 

t DR 

Data Hold Time (PSEN, RD) 


0 

100 

0 

200 

n 

t RD 

Data Input Read Time 
(PSEN, RD) 


- 

200 

- 

500 

n 

fc AW 

Address Setup Time (WR) 


200 

- 

230 

- 

n 

fc AD 

Address Setup Time 
(Data Input) 



400 

- 

950 

n 

fc AFC 

Address Float Time 
(RD, PSEN) 


-10 

- 

0 

- 

n 

t CP 

Port Control Setup Time 
(PROG) 


1 100 

- 

110 

- 

n 

fc pc 

Port Control Hold Time 

(PROG) 


60 

- 

130 

- 

n 

tpR 

Port 2 Input Data Set Time 
(PROG) 


- 

650 

- 

810 

n 

tDP 

Output Data Setup Time 
(PROG) 


200 

- 

220 

- 

n 

fc PD 

Output Data Hold Time 
(PROG) 


20 

- 

65 

- 

n 

tpp 

Port 2 Input Data Hold Time 
(PROG) 


0 

150 

0 

150 

n 

tpp 

PROG Pulse Width 


700 

- 

1510 

- 

n 

tpL 

Port 2 I/O Data Setup Time 


250 

- 

500 

- 

n, 

fc LP 

Port 2 I/O Data Hold Time 


120 

- 

l 150 

- 

n: 


Control Outputs : C L =80pF, BUS Outputs : C;L=150pF 
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INIEGRATTOCIRCUIT 

TMP8049P/8049P-6/8049PI-6 


TECHNICAL DATA 

TMP8039P/8039P-6/8039PI-6 


ITMP8049PI-6/8039PI-6 : INDUSTRIAL SPECIFICATION.] 
ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

v D d 

^DD Supply Voltage (with respect to GND (Vgs)) 

-0.5V to +7V 

v C c 

^CC Supply Voltage (with respect ro GND (Vgg)) 

-0.5V to +7V 

V INA 

Input Voltage (Except EA) 

-0.5V to +7V 

V INB 

Input Voltage (Only EA) 

-0.5V to +13V 

P D 

Power Dissipation (Ta=25°C) 

1.5W 

t solder 

Soldering Temperature (Soldering Time 10 sec.) 

260° C 

t stg 

Storage Temperature 

-55°C to 150°C 

t opr 

Operating Temperature 

-40°C to 85°C 


DC CHARACTERISTICS 


TA=-40°C to 85°C L Vr.r. = VnD ::= +5V ± 10%, Vss = OV, Unless Otherwise Noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

V IL 

Input Low Voltage 


-0.5 

- 

0.6 

V 

v ih 

Input High Voltage 

(Except XTAL1, XTAL2, RESET) 


2.2 

- 

Vcc 

V 

VlHl 

Input High Voltage 
(XTAL1, XTAL2, RESET) 


3.8 

- 

v C c 

V 

V OL 

Output Low Voltage (BUS) 

-*-OL=l. 6mA 

- 

- 

0.45 

V 

V 0L1 

Output Low Voltage 
(RD, WR, PSEN, ALE) 

IOL=l.6mA 


- 

0.45 

V 

V 0 L2 

Output Low Voltage (PROG) 

I 0L=0.8mA 


- 

0.45 

V 

V 0 L3 

Output Low Voltage 
(For other output pins) 

I 0L=1.2mA 


- 

0.45 

V 

V 0H 

Output High Voltage (BUS) 

I OH=-80yA 

2.4 

- 

- 

V 

V 0H1 

Output High Voltage 
(RD, WR, PSEN, ALE) 

I OH=-80yA 

2.4 

I 

- 

- 

V 

V 0H2 

Output High Voltage 
(For other output pins) 

X 0H=-30 V A 

2.4 

- 

- 

V 

Hi 

Input Leak Current (Tl, INT) 

V SS^IN=V CC 


- 

±10 

yA 

T LI1 

Input Leak Current 
(P10-17, P20-P27, EA, SS) 

V S s+0 .45^Vjn^V C c 

- 

- 

-700 

yA 

Ao 

Output Leak Current (BUS, TO) 
(High impedance condition) 

V ss + 0 -45iV IN ^V cc 

- 

_ 

±10 

yA 

I DD 

Vqd Supply Current 


- 

- 

50 

mA 

I DD +I CC 

Total Supply Current 


- 

_ 

170 

mA 
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TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 


INTEGRATEDCIRCUIT 

TECHNICAL DATA 

AC CHARACTERISTICS 


TA=-40°C to 85°C 1 , Vcc=VdD=+ 5V±10%, VSS=0V, Unless otherwise Noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

tLL 

ALE Pulse Width 


200 

- 

- 

ns 

t AL 

Address Setup Time (ALE) 


120 

- 

- 

ns 

fc LA 

Address Hold Time (ALE) 


80 

- 

- 

ns 

t CC 

Control Pulse Width(PSEN,RD,WR) 


400 

- 

- 

ns 

fc DW 

Data Setup Time (WR) 


420 

- 

- 

ns 

t WD 

Data Hold Time (WR) 

c L=20pF 

80 

- 

- 

ns 

t CY 

Cycle Time 


2.5 

- 

15.0 

ys 

C DR 

Data Hold Time (PSEN, RD) 


0 

- 

200 

ns 

t RD 

Data Input Read Time (PSEN,RD) 


- 

- 

400 

ns 

t AW 

Address Setup Time (WR) 


230 

- 

- 

ns 

t AD 

Address Setup Time (Data Input) 


- 

- 

600 

ns 

t ATC 

Address Float Time (RD, PSEN) 


-40 

- 

- 

ns 

fc CA 

Internal between Control Pulse 
and ALE 


10 

- 


ns 

t CP 

Port Control Setup Time(PRO.G) 


115 

- 


ns 

t PC 

Port Control Hold Time (PROG) 


65 

- 

- 

ns 

fc PR 

Port 2 Input Data Set Time(PROG) 


- 

- 

860 

ns 

t DP 

Output Data Setup Time(PROG) 


230 

- 

- 

ns 

t PD 

Output Data Hold Time (PROG) 


25 

- 

- 

ns 

tpF 

Port 2 Input Data Hold Time (PROG) 


0 

- 

160 

ns 

tpp 

PROG Pulse Width 


920 

- 

- 

ns 

t PL 

Port 2 I/O Data Setup Time 


300 

- 

- 

ns 

fc LP 

Port 2 I/O Data Hold Time 


120 

- 

- 

ns 


Note : tcy=2.5ys. Control Output: CL=80pF, BUS Output: CL=150pF, PORT 20-23: 
C L =80pF. 
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INTEGRATEDCIRCUIT 


TMP8049P/8049P-6/8049PI- 6 
TMP8039P/8039P-6/8039PI-6 


TECHNICAL DATA I 

D. Timing of Port 2 during Expander Instruction Execution 


l dp 1 C PD 


PORT23 - /x — 

(Output Data) 
PORT 20__ __ 


^.Control^0 ut: P ut: DataJ 


Port 20 -23 
Data 


(Input Data) Port 20 -23 t CP t PC 


Input Data 


* Input Enabled State 


TYPICAL CHARACTERISTICS 

1) BUS: I QH - V 0H 





V DD=VCC=5V 




TA=25°C 






V 














-—^ 





3 2 v OH (V) 4 

2 ) PI, P2:I 0H -V oh 



VDD= 

TA=2 

V C C=5V 

5°C 





-- 






_ 







3) BUS, PI, P2: I 0L - V 0L 


VDD=VCC=5V 
TA=25° C 


2 4 

V 0L (V) 
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INTKRATEDCIRCUIT 

ms 

TECHNICAL DATA 


PROGRAM TAPE FORMAT 


TMP8049P/8049P-6/8049PI-6 

TMP8039P/8039P-6/8039PI-6 


TMP8049 programs are delivered in the form of paper tape with the following 
format and it is required to attach the tape list. The format of paper tape is 
same as the Intel type object tape (hexadecimal tape output by Intel MDS system. 
Cl) Tape Format PR0MPT 48 Development Tool, etc.) 


Comments 


(CR) 

(LF) 

; 









- ✓ 



(CR) 

. (LF) 



(CR) 

_£LIi_ 


I Leader, 50 "NULL" characters or more 
-Comment (Record mark is not included) • 


Option 


- Record Mark J 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" .... Normal Record 

Record Type (2 Digits) » 01 ” .... End of Flle Record 
Data 

Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" are 
optional. 

- Record Mark (Repeated below) 


Trailer, 50 "NULL" characters or more 
(2) Example of Tape List 


TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A67277F61A51C631CF9F0E80 

1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 

1003E000B53D42E0EC32546025B7308CDD52063D1D 

1003F000B4BE9E9E345B6138060B20VC372BF60BD6 

00000001FF 
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OUTLINE DRAWING 


40 39 38 3.7 36 35 34 3332 31 3029 28 27 2.625 24 23 2221 Unit in mm 



1 / 345 67 89 10 11 121314 15 1617 1819 20 


LO 



Note : 1. This dimension shows the center of curvature of leads. 

2. This dimension shows spread of leads. 

3. The pitch of leads is 2.54 and the tolerance is ±0.25 from the 
theroretical center of each lead obtained having No.l lead and 
No. 40 lead as the reference. 


Note : Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
cricuitry. 

© June 1981 Toshiba Corporation 
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TECHNICAL DATA 


INPUT/OUTPUT EXPANDER 
GENERAL DESCRIPTION 


TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP8243P/TMP8243PI 
N-CHANNEL SILICON GATE MOS 


The TMP8243P is an input/output expander designed specifically to provide a low 
cost means of I/O expansion for the TLCS-84 family. 


The I/O ports of the TMP8243P serve as a direct extension of the resident I/O 
facilities of the TLCS-84 microcomputers and are accessed by their own MOVD, 
ANLD, and ORLD instructions. 


FEATURES 

o Low cost 

o Simple interface to TLCS-84 microcomputers 
o Four 4-bit I/O ports 
o AND and OR directly to ports 
o Single 5V supply 
o High output drive 

o Direct extension of resident TMP8048P/TMP8049P I/O ports, 
o Compatible with intel’s 8243 

o -40°C to +85°C Operation (TMP8243PI: Industrial Specification) 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 


P50 C 1 
P40C2 
P41 C 3 
P42 C 4 

P45C 5 

OS C 6 
PROQC 7 
P23C 8 
P22 C 9 
P2lC 1C 
P 2 oC 11 
(INDC 12 


24 2 VOC 
23 3 P51 
3 P 52 
3 P53 

H P60 
3 P61 
3 P62 

3 P63 
163 F73 
15 3 ^2 
14 3 m 
133 


P0RT2 <V a 


MUX 


ADDRESS 
1,1 DECOEDERl 




INSTRUC. 

DECODER 




PROG' 


TEMP 


b 


n 




AND/OR 

LOGIC 




RESET 

CIRCUIT 


[C 

G 


rr) port 4 


INPUT 

BUFFER 


LATCH 


INPUT 

BUFFER! 


$ 

“T-\ PORT 5 

¥ 


INPUT 

BUFFER 


INPUT 

BUFFERl 


latch hr} PORT 6 


Ff 

l* 


m LATCH U4 PORT 7 
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TECHNICAL DATA 


TMP8243P/TMP8243PI 


PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock Input. A high to low transistion on PROG signifies that address and 
control are available on P20-23, and a low to high transition signifies that 
data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 
status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 
high to low transition of PROG. During a low to high transition contains the 
data for a selected output port if a write oepration, or the data from a 
selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 
read), low impedance latched output (after write) or a 3-state (after read). 
Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

Vcc (Power) 

+5 volt supply 

GND (Power) 

0 volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP8243P contains four 4-bit I/O ports which serve as an extension of the 
on-chip I/O and are addressed as ports 4-7. The following operations may be 
performed on these ports. 

o Transfer accumulator to port 
o Transfer port to accumulator 
o AND accumulator to port 
o OR accumulator to port 
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INTEGRATEDCIRCUIT 

ms 

TECHNICAL DATA 


TMP824 3P/TMP8243PI 


All communication between the TMP8048P and the TMP8243P occurs over Port 2 
(P20-23) with timing provided by an output pulse on the PROG pin of the pro¬ 
cessor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 
while a low to high transition indicates the presence of data. Additional 
TMP8243P'S may be added to the 4-bit bus and chip selected using additional 
output lines from the TMP8048P/8035P. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 6, 
and 7 to the tri-state and port 2 to the input mode. The PROG pin may be either 
high or low when power is applied. The first high to low transition of PROG 
causes device to exit power on mode. The power on sequence is initiated if Vcc 
drops below IV. 


P21 

P20 

Address 

Code 

P23 

P22 

Instruction Code 

0 

0 

Port 

4 

0 

0 

Read 

0 

1 

Port 

5 

0 

1 

Write 

1 

0 

Port 

6 

1 

0 

ORLD 

1 

1 

Port 

7 

1 

1 

ANLD 

Write Modes 

The device 

has 

three write 

modes. 

MOVD 

Pi, A directly writes new data into 


selected port and old data is lost. ORLD Pi, A takes new data, OR’s it with 
the old data and then writes it to the port. ANLD Pi, A takes new data AND’s 
it with the old data and then writes it to the port. Operation code and port 
address are latched from the input port 2 on the high to low transition of the 
PROG pin. On the low to high transition of. PROG data on port 2 is transferred 
to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 
The old data remains latched until new valid outputs are entered. 
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INTEGR ATEDCIRCUIT 


TMP8243P/TMP8243PI 



Read Mode 

The device has one read mode. The operation code and port address are latched 
from the input port 2 on the high to low transition of the PROG pin. As soon 
as the read operation and port address are decoded, the appropriate outputs are 
3-stated, and the input buffers switched on. The read operation is terminated 
by a low to high transition of the PROG pin. The port (4, 5, 6 or 7) that was 
selected is switched to the 3-stated mode while port 2 is returned to the 
input mode. 

Normally, a port will be in an output (write mode) or input (read mode). If 
modes are changed during operation, the first read following a write should be 
ignored; all following reads are valid. This is to allow the external driver 
on the port to settle after the first read instruction removes the low impedance 
drive from the TMP8243P output. A read of any port will leave that port in a 
high impedance state. 


125 



MAXIMUM SINK CURRENT ON ANY PIN@.45V 
MAXIMUM I 0 L WORST CASE PIN(mA) 
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TECHNICAL DATA 


TMP8243P/TMP8243PI 


Sink Capability 

The TMP8243P can sink 5 mA@.45V on each of its 16 I/O lines simultaneously. 

If, however, all lines are not sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line increases as is shown by 
the accompanying curve. 

For example, if only 5 of the 16 lines are to sink current at one time, the 
curve shows that each of those 5 lines is capable of sinking 9 mA@.45V (if any 
lines are to sink 9 mA the total IOL must not exceed 45 mA or five 9 mA loads). 

Example: How many pins can drive 5 TTL loads (1.6 mA) assuming remaining pins 
are unloaded? 

IOL = 5 x 1.6 mA = 8mA 
elOL = 60 mA from curve 
//pins = 60 mA t 8 mA/pin = 7.5 = 7 

In this case, 7 lines can sink 8 mA for a total of 56 mA. This leaves 

4 mA sink current capability which can be divided in any way among the 
remaining 9 I/O lines of the TMP8243P. 

Example: This examples shows now the use of the 20 mA sink capability of port 

7 affects the sinking capability of the other I/O lines. 

An TMP8243P will drive the following loads simultaneously. 

2 loads - 20 mA@lV (port 7 only) 

8 loads - 4 mA@.45V 

6 loads - 3.2 mA@.45V 

Is this within the specified limits? 

elOL = (2 x 20) + (8x4) + (6 x 3.2) = 91.2 mA. From the curve: 

for Iqe = 4 mA, elOL = 93 mA since 91.2 mA <93 mA the loads are 

within specified limits. 

Although the 20 mA@ IV. load are used in calculating eI()L» it is the 
largest current required 0.45V which determines the maximum allow¬ 
able elQL- 
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INTB3RATEDCIRCUIT 

^2 TECHNICAL DATA 

|TMP8243P| 

ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 

V CC 

^CC Supply Voltage with Respect to GND 

-0.5V to +7.0V 

V IN 

Input Voltage with Respect to GND 

-0.5V to +7.0V 

v 0UT 

Output Voltage with Respect to GND 

-0.5V to +7.0V 

P D 

Power Dissipation 

800mW 

t solder 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

t stg 

Storage Temperature 

-55°C to +150°C 

t opr 

Operating Temperature 

0°C to +70°C 


D.C. CHARACTERISTICS Ta = o°C to 70°C, Vcc = 5V ± 10 % 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Unit 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 

VlH 

Input High Voltage 


2.0 


v cc 0-5 

V 

V0L1 

Output Low Voltage Ports 4-7 

IOL = 5mA* 



0.45 

V 

V0L2 

Output Low Voltage Port 7 

IOL = 20mA 



1 

V 

V 0L3 

Output Low Voltage Port 2 

I OL=0.6mA 



0.45 

V 

V 0H1 

Output High Voltage Ports 4-7 

T OH=-240yA 

2.4 



V 

V 0H2 

Output High Voltage Port 2 

I OH=-100yA 

2.4 




I ILl 

Input Leakage Port 4-7 

°v;v IN <v cc 

-10 


20 

UA 

I IL2 

Input Leadage Port 2, CS, PROG 

0 V - V IN- V CC 

-10 


10 

yA 

I CC 

V CC Supply Current 



10 

20 

mA 

IOL 

Sum of all IOl of 16 Outputs 

5 mA Each Pin 



80 

mA 


* See following graph for additional sink current capability 
A.C. CHARACTERISTICS X A = 0°C to 70°C, Vcc = 5V ± 10% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Unit 

tA 

Code Valid Before PROG 

C L = 80pF 

100 



ns 

tB 

Code Valid After PROG 

C L = 20pF 

60 



ns 

tc 

Data Valid Before PROG 

C L = 80pF 

200 



ns 

fc D 

Data Valid After PROG 

C L = 20pF 

20 



ns 

tH 

Floating After PROG 

C L = 20pF 

0 


150 

ns 

tK 

PROG Negative Pulse Width 


700 



ns 

tcs 

CS Valid Before/After PROG 


50 



ns 

tpo 

Ports 4-7 Valid After PROG 

C L = lOOpF 



700 

ns 

tLPl 

Ports 4-7 Valid Before/After PROG 


100 



ns 

tACC 

Port 2 Valid After PROG 

C L = 80pF 



650 

ns 
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TECHNICAL DATA 


TMP8243PI : INDUSTRIAL SPECIFICATION 


TMP8243P/TMP8243PI 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 

V CC 

V CC Supply Voltage with Respect to GND 

-0.5V to +7.0V 

VlN 

Input Voltage with Respect to GND 

-0.5V to +7.0V 

v OUT 

Output Voltage with Respect to GND 

-0.5V to +7.0V 

PD 

Power Dissipation 

800mW 

t solder 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

t stg 

Storage Temperature 

-55°C to +150°C 

t opr 

Operating Temperature 

-40°C to +85°C 


D.C. CHARACTERISTICS TA=-40°C to 85°C, V CC =5V±10% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 

VlH 

Input High Voltage 


2.0 


v CC+0.5 

V 

V 0 L1 

Outptu Low Voltage Ports 4-7 

ToL= 4,5mA 



0.45 

V 

V 0 L2 

Output Low Voltage Port 7 

I OL=20mA 



1 

V 

V 0L3 

Output Low Voltage Port 2 

I OL=0.6mA 



0.45 

V 

V 0H1 

Output High Voltage Ports 4-7 

I OH=-240 y A 

2.4 



V 

V 0H2 

Output High Voltage Port 2 

I OH=-100yA 

2.4 




JjLl 

Input Leakage Ports 4-7 

0V<Vi N iVcc 

-10 


20 

yA 

I IL2 

Input Leakage Port 2, CS,PR0G 

0v - v IN- v CC 

-10 


10 

yA 

I CC 

V CC Supply Current 



10 

20 

mA 

X 0L 

Sum of all Iql of 16 outputs 

4.5mA each pin 



72 

mA 


* See following graph for additional sink current capability 


A.C. CHARACTERISTICS TA=-40°C to 85°C., V CC =5V±10% 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

tA 

Code Valid before PROG 

Cl = 80pF 

100 



ns 

tB 

Code Valid after PROG 

C L = 20pF 

60 



ns 

t C 

Data Valid before PROG 

C L = 80pF 

200 



ns 

tD 

Data Valid after PROG 

C L = 20pF 

20 



ns 

fc H 

Floating after PROG 

Cl = 20pF 

0 


150 

| 

ns 

tR 

PROG Negative Pulse Width 


700 



ns 

tcs 

CS Valid before/after PROG 


50 



ns 

tpo 

Ports 4-7 Valid after PROG 

C L = lOOpF 



700 

ns 

tLPl 

Ports 4-7 Valid before/after PROG 


100 



ns 

t ACC 

Port 2 Valid after PROG 

C L = 80pF 



650 

ns 
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INTEGRATEDCIRQJIT 


TMP824 3P/TMP824 3PI 


TECHNICAL DATA 


TIMING HAVEFORM 


PROG 


PORT2 



PORT 2 

tACC , 

! — 

tn 


r OUTPUT Y 

V VALID /\ 


tpo , 

PORT4-7 

PREVIOUS OUTPUT VALID 

^\/ OUTPUT 
/\ VALID 

tIP 


tIP 

-\ ~. r 1 


—=v /- 


PORT4-7 


INPUT VALID 



INTEGRATEDCIRCUIT 


TMP8243P/TMP8243PI 


TECHNICAL DATA 


OUTLINE DRAWINGS 



12345 6 789 1C 11 12 



Note: Each lead pitch is 2.54mm. All leads are located within 
0.25mm of their true longitudinal position with respect 
to No.l and No.24 leads. 

All dimensions are in millimeters. 



Toshiba 


INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8022P 


GENERAL DESCRIPTION 

The TMP8022P is one version of the TLCS-84 family, which is an 8-bit 
single chip microcomputer containing A/D converter. 

The CPU, data memory (RAM), program memory (ROM), I/O port, and timer, 
which are basic functions as a computer, and further, A/D converter, 
comparator input port, zero-cross ditection circuit, etc. are all 
integrated on single chip. 


FEATURES 

o Compatible with Intel’s 8022 
° 2K x 8 ROM, 64 x 8 RAM, 28 I/O Lines 
° 8 Bit Interval Timer/Event Counter 

° On-chip 8 Bit A/D Converter; Two Input Channels 
° 8 Comparator Inputs (PORTO) 

° Zero Cross Detection Capability 

° High Current Drive Capability (Vql< 2.5V @lQL=7mA) 
° 8 Level Subroutine Nesting 

° Two Interrupts - External and Timer 
° Instructions - 8048 Subset 

° 8.38 sec Cycles; All Instructions 1 or 2 Cycles 

° Single 5V Supply (4.5V to 6.5V) 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


PIN CONNECTIONS (TOP VIEW) 


Pins for j^/D 


Comparator input 
reference Potential 


PORT J 
fComarator input) 



PIN NAMES AND DESCRIPTION 


Pin Name Pin No. 


A terminal for connecting the oscillator 
Input or an input terminal for the external clock 


I 


High active signal and initializes 
the chip. When a low level voltage is ap¬ 
plied to this pin, a program starts from ad 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 







Pin Name 

Pin No. 

Input/ 

Output 

Function 


TO 

8 

Input 

Ecternal interrupt input. 

Since this pin is of a level interrupt type, 

it is required to be held at low level until 

an interrupt is accepted. Further, this pin 

serves as a test flag input for the condi¬ 
tional jump instructions (JT1 and JNTl). 


T1 

19 

Input 

This pin is an external clock input for the 

timer counter at the time of the event 

counter mode, and has a built-in zero-cross 

ditection circuit. Further, it serves as a 

test flag input for the conditional jump in¬ 
structions (JT1 and JNTl). 


ALE 

18 

Output 

Address Latch Enable pin. 

This pin is a clock output that regards 1 

machine cycle (clock cycle x30) as a cycle. 
(It is also used for the address latch in 
the test mode 2.) 


PROG 

37 

Output 

Output strobe for the I/O expander 8243. 


POO ^ P07 
(PORTO) 

10VL7 

I/O 

8-bit open drain port. 

Since this pin has a built-in comparator 

which regards the voltage applied to VTH pin 

as a comparison voltage, it can change the 

input inverse level. 

It contains a mask option with a pull-up 

resistor. 




INTEGRATEDCIRCUIT 


TECHNICAL DATA 


Pin Name Pin No. 

Input/ 

Output 

Function 

P10 " P27 25-32 

(P0RT1) 

I/O 

8-bit quasi-bidireetional port. 

P20 ^P27 it 

I/O 

8-bit-bidirectional port. 

(P0RT2) 

The lower order 4-bit pins P20 to P23 serve 


as lines connecting the 4-bit I/O expander 



8243. 

VTH 9 

Input 

PORTO threshold reference pin. 



Analog input to A/D converter. 

ANO, AN1 6,5 

Input 

This pin switches the channels by use of 

soft according to SEL ANO and SEL AN1 in- 



structions. (2 channels) 



The reference voltage of A/D Converter 

V AREF 4 

Input 

Establishes the upper limit of A/D conversion 



range. 

AVCC 3 

Power 

supply 

+5V (For A/D converter section) 

AVSS 7 

I! 

+5V (For A/D converter section) 

VCC 40 

" 

+5V 

VSS 20 

" 

+0V 



Substrate potential output pin. 

This pin is used for the purpose of connect¬ 

SUBST 21 

Output 

ing a bypass capacitor across the VSS pin 

for improving the accuracy of the A/D con¬ 
verter by stabilizing the substEate potential 





INTEGR ATEDCIRCUIT 

TECHNICAL DATA 


BLOCK DIAGRAM 


VTH 



Oscillator 

Input 


8022 Block Diaqram 







DESCRIPTION OF INSTRUCTIONS 

o The table of instructions for the TMP8022P is described by 
use of the following symbols and abbreviations. 

A : Accumulator 

AC : Auxiliary carry 

addr : Lower order 8-bit address 

C : Carry 

CRR : A/D conversion result register 

data : 8-bit data 

Pp : Port P=0, 1, 2 or P=4 ^7 

PC : Program counter 

Rr : Register r=0, 1 or r=0 ^7 

SP : Stack pointer 

T : Timer 

TF : Timer flag 

TO : Test 0 

T1 : Test 1 

(x) : Contents of x 

((x)) : Contents of address indicated by x 

A : AND 

\z : Logical OR 

V : Exclusive OR 


589 


Accumulator Instruction 


INTEGRATED CIRCUIT 

TECHNICAL DATA 

TMP8022 Instruction List (I) 


Functional description 


ADD 

A, 

Rr 

(A)«-(A)+(Rr) 

r=0-7 

ADD 

A, 

@Rr 

<AK(A) + ((Rr)) 

r=0,1 

ADD 

A, 

//data 

(A)«-(A)+data 


ADDC 

A, 

Rr 

(A)<-(A)+(Rr) + (C) 

r=0-7 

ADDC 

A, 

@Rr 

(A)<-(A) + ((Rr))+(C) r=0, 

ADDC 

A, 

//data 

(A)<-(A)+data+(C) 


ANL 

A, 

Rr 

(A)^-(A) A (Rr) 

r=0-7 

ANL 

A, 

@Rr 

(A)<-(A)A (<Rr)) 

r=0, 1 

ANL 

A, 

//data 

(A)^(A)A data 


ORL 

A, 

Rr 

(A)^-(A) V (Rr) 

r=0-7 

ORL 

A, 

@Rr 

(A)«-(A)V ((Rr)) 

r=0, 1 

ORL 

A, 

//data 

(A)-«-(A) V data 


XRL 

A, 

Rr 

(A)^-(A) V (Rr) 

r=0-7 

XRL 

A, 

@Rr 

(A)«-(A)V((Rr)) 

r=0, 1 

XRL 

A, 

//data 

(A) (A) V data 


INC 

A 


(A)-e(A)+l 


DEC 

A 


(A)-*-(A) -1 


CLR 

A 


(A)-eO 


CPL 

A 


(A)-eNOT (A) 


DA 

A 


Decimal adjust A 



Effected 

Flag Bytes Cycles 
C AC 

O O | 1 1 

O O | 1 1 

O O I 2 2 

ooil l 


Operation 

Code 

(Hexadecimal) 







INTEGRATED CIRCUIT 

TECHNICAL DATA 


Classi¬ 

fication 

Mnemonics 

Functional Description 

Effected 

Flag 

C AC 

Bytes 

Cycles 

Operation 

Code 

(Hexadecimal) 

d 

o 

•H 

SWAP 

A 

(A4_ 7 ) l (Ao-3) 

- 

1 

1 

47 

4- 1 

o 

d 

5- i 

4-1 

RL 

A 

(A n +l)«-(A n ) , (Ao)^(A 7 ) 
n=0-6 

- 

1 

1 

E 7 

d 

M 

5-i 

O 

RLC 

A 

(A n +l)^(An),(C)^(A7) 
n=0-6, (AO)^-(C) 

O 

1 

1 

F7 

4-1 

d 

i— i 

d 

RR 

A 

(A n )^-(A n +l) , (A7)^(A0) 

_ 

1 

1 

77 

i 

5 

RRC 

A 

(An) (A n +l),(CH(Ao) 
n=0-6 (A7)^(C) 

o - 

1 

1 

67 


IN 

A,Pp 

(A)i-(Pp) P=0,l,2 

- 

1 

2 

08, 09, OA 

d 

0 

OUTL 

Pp, A 

(Pp)+(A) p=0,1,2 

- 

1 

2 

90, 39, 3A 

•H 

4- 1 

o 

d 

5- i 

4-1 

MOVD 

A, Pp 

(Ao-3)^(Pp) p=4-7 

(A4-7)^ 0 

- 

1 

2 

OC-OF 

d 

w 

MOVD 

Pp, A 

(PpH(A0-3) P=4-7 

! - 

i 

1 

2 

3C-3F 

I/O 

ANLD 

Pp, A 

(PpH(Pp)A(A 0 - 3 ) p=4-7 

- 

1 

2 

9C-9F 


ORLD 

Pp, A 

(PpK(Pp) V (AO-3) P=4-7 

- 

1 

2 

8C-8F 

5-i O 
CU *H 
4-1 4-1 
Cfl o 

INC 

Rr 

(RrH(Rr)+l r=0-7 


1 

i 

18-1F 

0U d 

0) 4-1 

INC 

@Rr 

((Rr)M(Rr))+l r=0,l 


1 

1 

10-11 

d 

o 

•H 

4-1 

O 

JMP 

addr 

(PCo-7)-^Upper 3-bit of 
Operation code 


2 

2 

04,24,44,64 

84,A4,C4,E4 

d 

?-i 

4J 

Cb 

JMPP 

@A 

(PC 0 _ 7 )^((A)) 

- 

1 

2 

B3 

d 

,d 

o 

DJNZ 

Rr ,addr 

(Rr)^(Rr)-1,If (r)^0 
(PCo- 7 )^addr 


2 

2 

E8-EF 

!-i 

Pb 

JC 

addr 

IF (C)=l, (PC 0 _ 7 )*-nddr 

_ 

2 

2 

F6 















INTEGRATED CIRCUIT 


TECHNICAL DATA 


JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 


Functional Description 

If (C)=0, (PCo- 7 )+-addr 
If (A)=0, (PCo- 7 )^addr 
If (A)*0, (PCo- 7 )^-addr 
If T0=1, (PCo-7) p addr 
If T0=0, (PCO- 7 ) addr 
If Tl=l, (PC 0 - 7 ) p addr 
If T1=0, (PC 0 - 7 ) p addr 
If TF=1, (PC 0 - 7 ) p addr 


Effected 

Flag 


Bytes Cycles 


Operation 

Code 

(Hexadecimal) 


0 

0» 0 

3 *H 
•H P 
4_) O 

3 3 

CALI 

addr 

((SP))p(PC) , (SP)p(SP)+1 
(PC 0 - 7 )^addr 
(PC 8 _io)^“ u PP er 3-bit of 
operation code 

' 

' 

1 

2 

14,34,54,74 

94,B4,D4,F4 

U 4-1 

X M 

3 0 
CO M 

RET 


(SP) p (SP)-l 
(PC) ^ ((SP)) 

- 

- 

1 

2 

83 

O 

3 

w 3 0 
bCP O 

CLR 

C 

(c)*o 

O 

- 

1 

1 

97 

rH 0 P 
Pm M 1 

CPL 

C 

(C)pNOT(C) 

0 

- 

1 

1 

A7 


MOV 

A,Rr 

(A) p (Rr) r=0-7 


- 

1 

1 

F 8 -FF 

O 

•H 

P 

MOV 

A,@Rr 

(A) p ((Rr)) r=0,1 

~ 

- 

1 

1 

F0-F1 

3 

U 

P 

MOV 

A, //data 

(A) p data 

- 

- 

2 

2 

23 

M 

MOV 

Rr,A 

i-i 

+ 

> 

11 

0 

1 

- 

- 

1 

1 

A 8 -AF 

a; 

> 

,0 

MOV 

@Rr,A 

((Rr)) p(A) r=0,l 

- 

- 

1 

1 

A0-A1 

p 

MOV 

Rr , //data 

(Rr) p data r=0-7 

- 

- 

2 

2 

B 8 - 8 F 


MOV @Rr,//data 


((Rr)) p data r=0,l 


2 


2 


BO-Bl 







INTEGRATED CIRCUIT 

TECHNICAL DATA 


_g 




Effected 



Operation 









W 4-1 

Mnemonics 

Functional Description 

Flag 

Bytes 

Cycles 

Code 

G O 
r—1 *H 
U 14-1 




C AC 



(Hexadecimal) 


XCH 

A,Rr 

(A) < v (Rr) r=0-7 


1 

1 

28-2F 

g 

o 

XCH 

A, @Rr 

(A) < ( (Rr)) r=0,1 

_ 

i 

1 

20-21 

P 4-> 








0 G 
^ 5-1 

XCHD 

a,@Rr 

(Ao-3) t ((Rr)) r=0,l 

- 

i 

1 

30-31 

cd co 
4-1 G 

MOVP 

A, @A 

(PCo_ 7 >^(A) [Note] 

_ _ 

1 

2 

A3 

Q 



(A) ((PC) ) 






MOV 

A, T 

(A) (T) 

- 

1 

i 

42 

5-4 

cu G 
4-1 O 

MOV 

T, A 

(T) ^ (A) 

_ _ 

1 

1 

62 

G *H 

G 4-1 

o o 
CJ G 

\ 5-4 

STRT 

T 

Start timer 

- 

1 

1 

55 

5-4 4-1 

0) CO 

S G 

STRT 

CNT 

Start counter 


1 

1 

45 

•H M 
H 

STOP 

TCNT 

Stop timer/counter 

- 

1 

1 

65 

5-4 G 

0) O 
4J -H 

RAD 


(A) * (CRR) 


1 

2 

80 

G 4-1 

CL) O 
> G 

G 5-4 

SEL 

ANO 

ANO Selection, Conversion 


1 

1 

85 

O co 



restart 



G 

P M 








< 

SNL 

AN1 

AN1 " " 

! - 

1 

1 

95 


El 

1 

Enable external interrupt 

- 

1 

1 

05 


DIS 

1 

Disable exterrel interrupt 

- 

1 

1 

15 

G 

CO O 
4-1 *H 
G- 4-1 

G O 

EN 

TCNT1 

Enable timer/counter 
interrupt 

- 

1 

1 

25 

5-4 G 

5-4 5-1 

DIS 

TCNT1 

Disable timer/counter 


1 

1 

35 

4-) CO 



interrupt 


G G 

RET I 


(SP) «- (SP) - 1 
(PC) -h ((SP)) 

- 

1 

2 

93 

■ 

NOP 

No Operation 

- 

1 

1 

00 


Note) MOVP A, @A loads the contents of address indicated by accumulator 

A in the page, into accumulatorA. After the execution, the contents 
of PC indicate the next address. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP8022P Instruction List (I) 





MOP 

i 


ADD 

| A ,ir- 

JMP ENI 


DEC 

A 

IN 

A.PO 

IN 

A, PI 

IN 

A, P2 


MOVD 

A, P4 

MOVD 

A, P5 

MOVD 

A, P6 

MOVD 

A, P7 

INC 

INC 


i ADDC 

CALL DISI 

JTF 

INC 

INC 

l INC 

INC 

INC 

INC 

INC 

INC 

INC 

@RO 

<?R1 


' A,# 



A 

RO 

; ri 

R2 

R3 

R4 

R5 

R6 

R7 

XCH 

XCH 


MOV 

JMP FJN 

JNTO 

CLR 

XCH 

XCH 

XCH 

XCH 

XCH 

XCH 

XCH 

XCH 

A (aRO 

A,@R1 


A,ft 

TCNTI 


A 

A, RO 

A, Rl 

A, R2 

A, R3 

A, R4 

A , R5 

A, R6 

A, R7 

XCHD 

XCHD 



CALL DIS 

J TO 

CPL 


OUTL 

OUTL 


MOVD 

MOVD 

MOVD 

MOVD 

A,(5.RO 

A, (5,10 



TCNTI 


A 


PI,A 

P2 , A 


P4 , A 

P5, A 

P6 , A 

P7 , A 

OR!, 

ORt. 

MOV 

ORL 

JMP 15TRT 

JNT1 

SWAP 

ORL 

ORL 

ORL 

ORL 

ORL 

ORL 

OKL 

ORL 

> 

3J 

o 

A,@R] 

A,T 

A,it 

CNT 


A 

A, RO 

A, Rl 

A, R2 

A, R3 

A, R4 

A , R5 

A , R6 

A, R7 

AMI, 

AMI, 


AML 

CALL STRT 

JT1 

DA 

ANL 

ANL 

ANL 

AML 

ANL 

ANL 

ANL 

AML 

A,(a;no 

a,0:rj 


A ,ti 

T 


A 

A, RO 

A, RI 

A, R2 

A y R3 

A, R4 

A , R5 

A, R6 

A, R7 

ADD 

ADD 

MOV 


J MP STOP 


RRC 

ADD 

ADD 

ADD 

ADD 

ADD 

ADD 

ADD 

ADD 

> 

$ 

6 

A,(5.RI 

, A 


TO NT 


! A 

A, RO 

A, Rl 

| A , R2 

A, P.3 

A, R4 

A, R5 

A, R6 

A, R7 

AD DC 

AD DC 

| 


CALL 


?.?. 

ADDC 

ADDC 

I ADDC 

ADDC 

ADDC 

ADDC 

ADDC 

ADDC 

A,@RO 

A,(5R1 





A 

A , RO 

A, Rl 

A,R2 

A , R3 

A, R4 

A, R5 

A , R6 

A, R7 

RAD 



RET 

JMP SIC L 







ORLD 

ORLD 

OPiLD 

ORLD 





ANO 







P4 , A 

P5 , A 

P6 , A 

P7 , A 

OUTL 



RF.TI 

CALL SEL 

J N Z 

CLR 





AN LD 

ANLD 

ANLD 

ANLD 

PO , A 




AN1 


C 





P4 , A 

P5, A 

P5, A 

P 7 , A 

MOV 

MOV 


MOVP 

JMP 


CPL 

MOV 

MOV 

MuV 

MOV 

MOV 

MOV 

MOV 

MOV 

<5 RO r \ 

<fTRl,A 


A ,<SA 



c 

RO , A. 

! R1,A 

R2, A 

R3, A 

R4 , A 

1 R5, A 

R6 , A 

R7 ,A 

MOV 

MOV 


J MPP 

CALL 



MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

C^RO, ft 

(?R1,R 


(5 A 




R0,4 

1 Rl ,n 

R2,ff 

R3,4 

R4,# 

R5 , ft 

I\6 , ft 

R7 ,tt 


XRL XRL 
A@R0 A ,(5 PI 


MOV MOV 
A(5RO A/aP.l 


Xii CAI .1, 
A ,fi 


XRL 

XRL 

XR1, 

XRL 

XRL 

XRL 

XRL I 

XRL 

A, HO 

A , Rl 

A, R2 

A, R3 

A,R4 

A, R5 

A,R6 

A,R7 

DJNZ 

DJ NZ 

DJNZ 

DJNZ 

DJNZ 

DJNZ 

DJNZ 

DJNZ 

RO , it 

Rl ,-4 I 

R2,f{ 

R3, if 

R4 ,if 

R5,4 

rs ,a 

R7 ,#■ 

MOV 

MOV 

MOV 

MOV 

MOZ 

MOV 

MOV 

MOV 

> 

o 

A, Rl 

A, R2 

A, R3 

A, R4 

A, R5 

A,R6 

A,R7 J 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

PARAMETER 

RATING 

UNIT 

VCC 

Supply Voltage 

-0.5 ^ + 7 

V 

VINA 

Input Voltage(Except PRESET,PROG,Tl) 

-0.5 ^ + 7 

V 

VINB 

Input Voltage (Only PRESET,PROG,Tl) 

-0.5 ^ +13 

V 

PD 

Power Dissipation 

1.0 

W 

Topr 

Operating Temperature 

0 ^ 70 

°C 

T stg 

Storage Temperature 

-55 ^ 150 

°c 


DC CHARACTERISTICS T opr = °C ^70°C, VCC = 5.5V±1V, Vss =OV 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

VIL 

Input Low Voltage 

VTH Open 

-0.5 


0.8 

V 

VIL 

Input Low Voltage 
(PORTO) 


-0.5 


VTH 

-0.1 

V 

VIH 

Input High Voltage 
(All Except XTAL, RESET) 

VCC=5.0V±10% 

VTH Open 

2.0 


VCC 

V 

VIH1 

Input High Voltage 
(All Except XTAL, RESET) 

VCC=5.5V±1V 

VTH Open 

3.0 


VCC 

V 

VIH2 

Input High Voltage 
(PORTO) 


VTH 

+0.1 


VCC 

V 

VIH3 

Input High Voltage 
(PRESET,XTALI) 


3.0 


VCC 

V 

VTH 

PORTO Threshold 

Comparison Voltage 


0 


0.4 

VCC 

V 

VOL 

Output Low Voltage 

IOL =1.6mA 



0.45 

V 

VOL1 

Output Low Voltage 
(P10, Pll) 

IOL = 7 mA 



2.5 

V 

VOH 

Output High Voltage (All 
unless Open Drain Option- 
Port 0) 

IOH=-50uA 

2.4 



V 

IL1 

Input Current 
(Tj) 

VSS=0.45V^VIN^VCC 



±200 

yA 

ILO 

Output Leak Current 
(Open Drain Option-Port 0] 

VSS=0.45V<iVIN<VCC 



±10 

yA 

ICC 

VcC Supply Current 


50 j 


100 

mA 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


AC CHARACTERISTICS 1 Ta = 0°C^70°C V C c = 5.5V±lV, Vss = OV 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 


tCY 

Cycle Time 

At 3MHz XTAL lOys 

8.38 

50.0 

ys 

vzx 

Zero-cross Detection Tnput 
(Tl) 


1 

3 


AZX 

Zero-cross Acuracy 

60Hz Sinewave 


±135 

mV 

FZX 

Zero-cross Detection Tnput 
Frequency 


0.05 

1 

KHz 


AC CHARACTERISTICS 2 Ta=0°'W0°C V CC =5.5V ± IV, V S s = OV 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

MAX. 

EB 

tCP 

Expander Operation 

Port Control Setup Before 
Falling Edge of Prog 


0.5 


ys 

tpc 

Port Control Hold After 
Falling Edge of Prog 


0.8 


ys 

r PR 

Prog to Time P2 Input must 

be Valid 



1.0 

ys 

tDP 

Output Data Setup Time 


7.0 


ys 

tPD 

Output Data Hold Time 


8.3 



tpp 

Input Data Hold Time 


0 

150 


tPP 

PROG Pulse Width 


8.3 



tPRL 

Normal Operation 

ALE to Time P2 Input must 
be Valid 



3.6 

ys 

tpL 

Output Data Setup Time 


0.8 


ys 

tLP 

Output Data Hold Time 


1.6 


ys 

tPFL 

Input Data Hold Time 


0 


ys 

tLL 

ALE Pulse Width 

Max. at tCY=8.38ys 

3.9 

23.0 



Test Condition 


tcy = 8.38 ys 


Cr = 80 pF 

















INTEGRATED CIRCUIT 

TECHNICAL DATA 






A/D CONVERTER CHARACTERISTICS 1 

A 

’a=0°C 

,v S s=ov 

70°C, V CC=5.5V±1V, Vss=0\ 
, AVcc/2 ^VAREF ^avcc 

1 , AVcc= 

5.5±1V, 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

REMARK 

Resolution 

8 



Bits 


Absolute Accuracy 

1 


.8% FST ± 1/2LSB 

LSB 

Note 1) 

Sample Setup Before Falling 
Edge of ALE (tSS) 


0.20 


tCY 


Sample Hold After Falling 

Edge of ALE (tSH) 


0.10 


tCY 


Input Capacitance 


1 


pF 


Conversion Time 

4 


4 

tCY 


Note 1) It is required that the analog input terminal is kept at a 

constant voltage during the smapling time (tgg + t$H)• 







INTEGR ATEDCIRCUU 

TECHNICAL DATA 


PROGRAM DELIVERY OF TMP8022P 

The program delivery of the TMP8022P is performed by using a paper tape 
of the following format. At the same time, it is required that mask 
options should be clearly designated. The format of the paper tape is 
the same as the Intel’s type object tape (hexadecimal tape output by 
Intel MDS system, PROMPT 48 Development Tool, etc.) 


(1) Mask Option 

It is required that the presence of pull-up resistors is designated 
as to the 8 bits of PORTO, and the Tl terminal. 

It is required that a mask option designation form attached to the 
ES Order Instruction Sheet is used for designation of mask option. 

It is required that the mask option designation form is submitted 
together with the ES Order Instruction Manual within two weeks be¬ 
fore the sumbission date of tape. 


Example of mask option designation 

0 : Without pull-up register 1 : With pull-up register 


Terminal 

name 

Option 

de s i gna t i oiK 

PORTO 

Tl 

7 

6 

5 

4 

3 

2 

1 

0 

Presence of 
pull-up re¬ 
sister 

1 

0 

0 

0 

1 

1 

0 

0 

1 


In this case, the presence of pull-up resistors is as follows: 

Pins with pull-up resistors . P07, P03, P02 and Tl 

Pins without pull-up resistors ... P06, P05, P04, P01 and POO 
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{Toshiba 


INTEGRATED CIRCUIT 


Hf^jr TECHNICAL DATA 


(2) Tape Format 



Leader, 50 "NULL" characters or more 

- Comment (Record mark is not included) 1 

rOption 

- Record mark J 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

I*00’ . Normal record. 

Record Type (2 digits) ’01’ . End of file record 


Data 


Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) between and after ” CR 
Record Mark 
(Repeated below) 


LF 


X Trailer, 


50 "NULL” characters or more 


(3) Example of Tape List 

TOSHIBA MICRO COMPUTER TLSC-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884dde67D31F5D8ABA6DF292F113F5Cl 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A67277F61A51C631CF9F0E80 

1003D000BD2F6F20E8BB1977E3FB5AD1E41FDAA7E2 

1003E000B53D42E0EC32546025B7308CDD52063D1D 

1003F000B4BE9E9E345B6138060B20BC372BF60BD6 

00000001FF 
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INTB3RATEDCIRCUIT 


TECHNICAL DATA 


8-BIT SINGLE-CHIP MICROCOMPUTER 


TOSHIBA MOS TYPE DIGITAL 
INTEGRATED CIRCUIT 

TMP80C49P-6, TMP80C39P-6 
Silicon Monolithic 
CMOS Silicon Gate 



GENERAL DESCRIPTION 

The TMP80C49P-6 is a single chip microcomputer fabricated in Silicon 
Gate CMOS technology which provides internal 8-bit parallel architecture. 

The following basic architectural functions of a computer have been 
included in a single chip; an 8-bit CPU, 128 x 8 RAM data memory, 2K x 8 ROM 
program memory, 27 I/O lines and an 8-bit timer/event counter. 

The TMP80C49P-6 is particularly efficient as a controller. It has exten¬ 
sive bit handling capability as well as facilities for both binary and BCD 
arithmetic. 

The TMP80C39P-6 is the equivalent of a TMP80C49P-6 without ROM program 
memory on chip. By using this device with external EPROM or RAM, software 
debugging becomes easy. 

FEATURES 

• Software compatible with TMP8049P/i8049 

• CMOS/LSI for low power dissipation - 
less than 50 mW at 5V, 6MHz 

• High Noise Immunity 

• 2.5ys Instruction Cycle 

• Extended temperature operation: 

-40°C. to +85°C 

PIN CONNECTIONS (TOP VIEW) 


• Single power supply 

• 2K x 8 masked ROM 

• 128 x 8 RAM 

• 27 I/O lines 

• Interval Timer/Event Counter 

• Power Down Mode 


T oc 

1 

40 

XTAL i C 

2 

39 

xtal 2 c 

3 

38 

RESETd 

4 

37 

SSC 

5 

36 

INTfZ 

6 

35 

EAC 

7 

34 

RDC 

8 

33 

psenc 

9 

32 

WRC 

10 

31 

ALEC 

11 

30 

DBoC 

12 

29 

DB i C 

13 

28 

db 2 c 

14 

27 

db 3 c 

15 

26 

db 4 c 

16 

25 

DB5C 

17 

24 

DB 6 C 

18 

23 

DBy C 

19 

22 

v S sc 

20 

21 


P V CC (+5V) 
Ti 
P27 

pP26 

1*2 5 
£) p 24 
7 

. P 16 
F 1 5 
=» P 14 
=J p 13 

□ Pl2 
Pll 

P^° 

P PROG 


□ P, 

□ R 

□p: 


2 3 


21 
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TMP80C49P-6 

TMP80C39P-6 



Perl hut'l'er 













Vgg (Power Supply) 

Circuit GND potential 

Vcc (Power Supply) 

+5V during operation 

PS (Input) 

The control signal for the power saving at the power dowen mode 

(Active Low) 

PROG (Output) 

Output strobe for the TMP8243P I/O expander. 

P10-P17 (Input/Output) Port 1 

8-bit quasi-bidirectional port (Internal Pullup ^ 50Kf2 ). 

P20-P27 (Input/Output) Port 2 

8-bit quasi-bidirectional port (Internal Pullup ^ 50K^ ). 

P20-P23 contain the four high order program counter bits during an external 

program memory fetch and serve as a 4-bit I/O expander bus for the TMP8243P. 

DB0-DB7 (Input/Output, Tri-State) 

True bidrectional port which can be written or read synchronously using 
the RD, WR strobes. The port can also be statically latched. Contains 
the 8 low order program counter bits during an external program memory 
fetch, and receives the addressed instruction under the control of PSEN. 

Also contains the address and data during an external RAM data store 
instruction, under control of ALE, RD, and WR. 

Tq (Input/Output) 

Input pin testable using the conditional transfer instructions JTO and 
JNTO. TO can be designated as a clock output using ENTO CLK instruction. 

To is also used during programming. 

Tp (Input) 

Input pin testable using the JT1 and JNT1 instruction. Can be designated 
the event counter input using the timer/STRT CNT instruction. 

INT (Input) 

External interrupt input. Initiates an interrupt if interrupt is enabled. 
Interrupt is disabled after a reset. Also testable with conditional jump 
instruction. (Active low) 

RD (Output) 

Output strobe activated druing a Bus read. Can be used to enable data onto 
the Bus from an external device. Used as a Read Strobe to External Data 
Memory (Active Low). 
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External Data Memory. 

RESET (Input) 

Active Low signal which is used to initialize the Processor. Also 
used during the power down mode. 

ALE (Output) 

Address Latch Eanble. This signal occurs once during each cycle and is 
useful as a clock output. The negative edge of ALE strobes address into 
external data and program memory. 

PSEN (Output) 

Program Store Enable. This output occurs only during a fetch to external 
program memory (Active Low). 

SS (Input) 

Single step input can be used in conjunction with ALE to "single step" 
processor through each instruction when SS is low the CPU is placed 
into a wait state after it has completed the instruction being executed. 
Also used during the power down mode. 

EA (Input) 

External Access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug and essential for test¬ 
ing and program verification. (Active High) 

XTAL 1 (Input) 

One side of crystal input for internal oscillator. Also input for 
external source. 

XTAL 2 (Input) 

Other side of crystal input. 
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INTEGRATED CIRCUIT 

TECHNICAL DATA 


TMP80C49P-6 

TMP80C39P-6 



ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

v C c 

Vq^ Supply Voltage (with respect to GND (Vgg)) 

-0.5V to +7V 

V INA 

Input Voltage (Except EA) 

-0.5V to VQC+0.5V 

V INB 

Input Voltage (Only EA) 

-0.5V to +13V 


Power Dissipation (Ta=85°C) 

250mW 

t solder 

Soldering Temperature (Soldering Time 10 sec) 

260°C 

t STG 

Storage Temperature 

-65°C to 150°C 

t opr 

Operating Temperature 

-40°C to 85°C 


DC CHARACTERISTICS (I) T oPR = ~ 4 0°C to 85°C, V C (-;=+5V±10%, Vgg=OV, unless otherwise noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

VlL 

Input Low Voltage 


-0.5 

- 

0.8 

V 

ViH 

Input High Voltage (Except 
XTAL1, XTAL2, RESET, TO, T1) 


2.2 

- 

v C c 

v 

VlHl 

Input High Voltage 
(XTAL1, XTAL2, RESET) 


0.7Vcc 

- 

v C c 

V 

V IH2 

Input High Voltage (TO, T1) 


0.5V C c 

- 

v C c 

V 

v OL 

Output Low Voltage 
(Except P10-P17, P20-P27) 

■^0L = 1 • 6mA 


- 

0.45 

V 

V 0L1 

Output Low Voltage 
(P10-P17, P20-P27) 

±OL = l • 2mA 


- 

0.45 

V 

VoHll 

Output High Voltage 
(Except P10-P17, P20-P27) 

I 0H=-1.6mA 

2.4 

- 

- 

V 

VOH12 

Output High Voltage 
(Except P10-P17, P20-P27) 

I OH=~400yA 

v C c 

-0.8 

_ 

- 

V 

V 0H21 

Output High Voltage 
(P10-P17, P20-P27) 

I OH=-50yA 

2.4 

1 

- 

V 

v OH22 

Output High Voltage 
(P10-P17, P20-P27) 

I OH=-25uA 

v C c 

-0.8 


- 

V 

t li 

Input Leak Current 
(Tl, INT, EA, PS) 

V SS= V IN= V CC 

- 

- 

±10 

yA 

I LI1 

Input Leak Current (SS, RESET) 

V S S S V INi v CC 

- 


-50 

yA 

X LI2 

. 

Input Leak Current 
(P10-P17, P20-P27) 

V S s+0.45 V=Vin=Vcc 

- 

- 

-500 

yA 

I LO 

Output Leak Current (BUS, TO) 
(High impedance condition) 

v ss +0 * 45v = v in= v cc 

- 

- 

±10 

yA 

I CC 

VCC Supply Current 

V CC=5V,fxTAL~^MHz 

Vih = ^CC - ^•2V 
V il = 0.2V, C x2 =0pF 

- 

- 

10 

mA 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


DC CHARACTERISTICS (II) 

T 0pR =-4°°C to 85°C, V CC =+5V ± 20%, V ss =( 


SYMBOL 

PARAMETER 

VlL 

Input Low Voltage 

V IH 

Input High Voltage (Except 
XTAL1, XTAL2, RESET, TO, Tl) 

VlHl 

Input High Voltage 
(XTAL1, XTAL2, RESET) 

V IH2 

Input High Voltage (TO, Tl ) 

v OL 

Output Low Voltage 
(Except P10-P17, P20-P27) 

V OLl 

Output Low Voltage 
(P10-P17, P20-P27) 

v OH12 

Output High Voltage 
(Except P10-P17, P20-P27) 

V OH22 

Output High Voltage 
(P10-P17, P20-P27) 

ILI 

Input Leak Current 
(Tl, INT, EA, PS) 

im 

Input Leak Current (SS, RESET) 

X LI2 

Input Leak Current 
(P10-P17, P20-P27) 

Ilo 

Output Leak Current (BUS, TO) 
(High impedance condition) 

I cc 

V CC Supply Current 





^oSuba 



AC CHARACTERISTICS 


Topr=- 40°C to 85°C, Vcc=+5V±20%, Vgg=0V, Unless Otherwise Noted. 


SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

fc LL 

ALE Pulse Width 


400 

- 

- 

ns 

t AL 

Address Setup Time (ALE) 


150 

- 

- 

ns 

t LA 

Address Hold Time (ALE) 


80 

- 

- 

ns 

fc CC 

Control Pulse Width (PSlN, RD, WR) 


700 

- 

- 

ns 

C DW 

Data Setup Time (WR) 


500 

- 

- 

ns 

t WD 

Data Hold Time (WR) 

Cl=20 P F 

120 

- 

- 

ns 

t CY 

Cycle Time 


2.5 

- 

15.0 

ys 

fc DR 

Data Hold Time (PSEN, RD) 


0 

- 

200 

ns 

t RD 

Data Input Read Time (PSEN, RD) 


- 

- 

500 

ns 

fc AW 

Address Setup Time (WR) 


230 

- 

- 

ns 

t AD 

Address Setup Time (Data Input) 


- 

- 

950 

ns 

t AFC 

Address Float Time (RD, PSEN) 


0 

- 

- 

ns 

z cv 

Port Control Setup Time (PROG) 


110 

- 

- 

ns 

tpc 

Port Control Hold Time (PROG) 


130 

- 

- 

ns 

C PR 

Port 2 Input Data Set Time (PROG) 


- 

- 

310 

ns 

top 

Output Data Setup Time (PROG) 


220 

- 

- 

ns 

t PD 

Output Data Hold Time (PROG) 


65 

- 

- 

ns 

fc PF 

Port 2 Input Data Hold Time (PROG) 


0 

- 

150 

ns 

tpp 

PROG Pulse Width 


1510 


- 

ns 

tpL 

Port 2 I/O Data Setup Time 


600 


~ 

ns 

t LP 

Port 2 I/O Data Hold Time 


150 

- 


ns 


Note : t cy =2.5ys (fx=6MHz) 

Control Outputs ; Cp=80pF, BUS Outputs ; CL=150pF 
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INTEGR ATEDCIRCUIT 


TECHNICAL DATA 


C. Write into External Data Memory 


TMP80C49P-6 

TMP80C39P-6 




DW . l WD 



D. Timing of Port 2 during Expander Instruction Executic 


PORT23-- 

(Data Output Operation) 


P0RT2 ° ZTJ Port y 

Data ft Control A 0ut P ut 


PORT23 — 1 '- 

(Data Input Operation) 


"PORT20 Port 

Data _ ft r Control 

~ ‘CP I ‘pc 


* Input Enabled State 
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TMP80C49P-6 

TMP80C39P-6 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


POWER DOWN MODE (I) - Data Hold Mode in RAM 



The operation of oscillation circuit is suspended by setting PS terminal 
to low level after RESET terminal has been set to low level. Consequently, 
all the data in RAM area can be held in low power consumption. 

The minimum hold voltage of Vqq in this mode is 2V. 


PS terminal is set to high level to resume osillation after Vcc has been 
reset to 5V, and then RESET terminal is set to high level, thus, the normal 
mode is restarted from the initialize operation (address 0). 


DC CHARACTERISTICS (T 0 pr=- 40°C to 85°C, V ss =0V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

V SB1 

Standby Voltage(1) 


2.0 

- 

6 -° 

V 

I SB1 

Standby Current(1) 

Vcc=5V,Vih=Vcc-0. 2V,V IL =0.2V 

- 

0.5 

10 

yA 


AC CHARACTERISTICS (T opr =- 40°C to 85°C, V CC =5V±20%, Vss=0V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tpSHR 

Power Save Hold Time (RESET) 


10 


- 

ys 

t PSSR 

Power Save Setup Time (RESET) 


10 

" 

- 

mS 

tVH 

Vcc Hold Time (PS) 


5 

- 

- 

yS 

fc VS 

Vcc Setup Time (PS) 


5 


- 

yS 


Note : t C y=2.5ys (f x =6MHz) 


TIMING WAVEFORM 



611 





TMP80C49P-6 

TMP80C39P-6 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


POWER DOWN MODE (II) .All Data Hold Mode 



The operation of oscillation circuit is suspended by setting PS terminal 
to low level after SS terminal has been set to low level. Consequently, 
all data can be held in low power consumption. 

The minimum hold voltage of Vqq in this mode is 3V. 


PS terminal is set to high level to resume oscillation after V CC has been 
reset to 5V, and then SS terminal is set to high level, thus, the normal 
mode is restarted continuously from the state just before the power down mode (II). 


DC CHARACTERISTICS (T O pr=-40°C to 85°C, V ss =0V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

V SB2 

Standby Voltage(2) 


3.0 

- 

6.0 

V 

I SB2 

Standby Current(2) 

v Cc=5V,Vih=Vcc-°- 2V, V il =0. 2V 

- 

0.3 

10 

yA 


AC CHARACTERISTICS (T OPR =-40°C to 85°C, V CC =5V±20%, Vss=0V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tpSHS 

Power Save Hold Time (SS) 


5 

- 

- 

ys 

tpsss 

Power Save Setup Time (SS) 


10 


- 

mS 

fc VH 

V CC Hold Time (PS) 


5 


- 

ys 

tvs 

V^c Setup Time (PS) 


5 

- 

- 

ys 


Note : t C y=2.5ys (f x =6MHz) 
TIMING WAVEFORM 







Toshiba 


INTEGRATE) CIRCUIT 


§H3e technical data 


PIN STATUS IN THE POWER DOWN MODE 



Each pin status in the power down mode (I) / (II) is shown in the following table. 


PIN NAME 

POWER DOWN MODE (I) 

POWER DOWN MODE (II) 

DBO - DB7 

High Impedance 

High Impedance 


Input Disabled 

Input Disabled 

P20 - P23 

Output ”0" (at EA=1) 

High Impedance (at EA=0) 

Input Disabled 

Output PCh 

P24 - P27 

High Impedance 

Output the data Contained 


Input Disabled 

in the Port (Open Drain) 

P10 - P17 

High Impedance 

Output the data Contained 


Input Disabled 

in the Port (Open Drain) 

T o 

High Impedance 

Input Disabled 

High Impedance 

Input Disabled 

Tl 

Input Disabled 

Input Disabled 

XTAL1 

XTAL2 

High Impedance 

High Impedance 

RESET, SS 

Input Disabled when oscil¬ 
lator is stopped Pull-up 
transistor turned off 

Input Disabled when oscil¬ 
lator is stopped Pull-up 
transistor turned off 

INT, EA 

Input Disabled when oscil¬ 

Input Disabled when oscil¬ 


lator is stopped 

lator is stopped 

RD, WR 

Output ”1" 

Output "1" 

ALE 

Output "0" 

Output "1" 

PROG 

Output "1" 

Output "1" 

PSEN 

Output "0" (at EA=1) 

Output "1" (at EA=0) 

Output "l" 
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INTEGRATEDC1RCUIT 

£62 

TECHNICAL DATA 


TOSHIBA MOS TYPE DIGITAL INTEGRAED CIRCUIT 

TMP82C43P 

SILICON MONOLITHIC CMOS SILICON GATE 


INPUT/OUTPUT EXPANDER 


GENERAL DESCRIPTION 

The TMP82C43P is an input/output expander designed specifically to provide 
a low cost means of I/O expansion for the TLCS-84C family. 


The I/O ports of the TMP82C43P serve as a direct extension of the resident 
I/O facilities of the TLCS-84C microcomputers and are accessed by their own 
MOVD, ANLD, and ORLD instructions. 


FEATURES 

° CMOS LSI for low power dissipation 
° Low cost 

° Simple interface to TLCS-84C microcomputers 
° Four 4-bit I/O ports 
° AND and OR directly to ports 
° Single 5V supply 
° High output drive 

° Direct extension of resident TMP80C49P-6 I/O ports. 
° PIN compatible with intel’s 8243 

° Extended operation temperature range -40°C to 85°C 


BLOCK DIAGRAM 


PIN CONNECTION (TOP VIEW) 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP82C43P 


PIN NAMES AND PIN DESCRIPTION 

PROG (Input) 

Clock input. A high to low transistion on PROG signifies that address and 
control are available on P20-23, and a low to high transition signifies 
that data is available on P20-23. 

CS (Input) 

Chip Select Input. A high on CS inhibits any change of output or internal 
status. 

P20-23 (Input/Output, 3-state) 

Four (4) bit bi-directional port contains the address and control bits on a 
high to low transition of PROG. During a low to high transition contains 
the data for a selected output port if a write operation, or the data from 
a selected port before the low to high transition if a read operation. 

P40-43, P50-53, P60-63, P70-73 (Input/Output, 3-state) 

Four (4) bit bi-directional I/O ports. May be programmed to be input (during 
read), low impedance latched output (after write) or a 3-state (after read). 
Data on pins P20-23 may be directly written, ANDed or ORed with previous data. 

V CC (Power) 

+5 volt supply 

GND (Power) 

0 volt supply 

FUNCTIONAL DESCRIPTION 

General Operation 

The TMP82C43P contains four 4-bit I/O ports which serve as an extension of 
the on-chip I/O and are addressed as ports 4-7. The following operations 
may be performed on these ports. 

© Transfer accumulator to port 
o Transfer port to accumulator 
° AND accumulator to port 
o OR accumulator to port 
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INTEGRATEDCIRCUIT 

vlv2 

TECHNICAL DATA 


TMP82C43P 


All communication between the microcomputer (TMP80C49P-6) and the TMP82C43P 
occurs over Port 2 (P20-23) with timing provided by an output pulse on the 
PROG pin of the processor. Each transfer consists of two 4-bit nibbles. 

A high to low transition of the PROG line indicates that address is present 
while a low to high transition indicates the presence of data. Additional 
TMP82C43P’s may be added to the 4-bit bus and chip selected using additional 
output lines from the microcomputer. 

Power On Initialization 

Initial application of power to the device forces input/output ports 4, 5, 

6, and 7 to the tri-state and port 2 to the input mode. The PROG pin may be 
either high or low when power is applied. The first high to low transition 
of PROG causes device to exit power on mode. The power on sequence is ini¬ 
tiated if Vqq drops below IV. 


P21 

P20 

Address 

Code 

P23 

P22 

Instruction Code 


0 

0 

Port 

4 


0 

0 

Read 


0 

1 

Port 

5 


0 

1 

Write 


1 

0 

Port 

6 


1 

0 

ORLD 


1 

1 

Port 

7 


1 

1 

ANLD 


Write Modes 









The device has 

three 

write modes. 

MOVD 

Pi, 

A directly writes new data 

into 

the selected port and 

old data 

is 

lost. 

ORLD Pi, 

A takes new data, 0R T 

s it 

with the old data and 

then writes 

it to 

the 

port. 

ANLD Pi, A takes new data 


AND's it with the old data and then writes it to the port. Operation code 
and port address are latched from the input port 2 on the high to low transi¬ 
tion of the PROG pin. On the low to high transition of PROG data on port 2 
is transferred to the logic block of the specified output port. 

After the logic manipulation is performed, the data is latched and outputed. 
The old data remains latched until new valid outputs are entered. 
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Read Mode 

The device has one read mode. The operation code and port address are 
latched from the input port 2 on the high to low transition of the PROG 
pin. As soon as the read operation and port address are decoded, the 
appropriate outputs are 3-stated, and the input buffers switched on. 

The read operation is terminated by a low to high transition of the 
PROG pin. The port (4, 5, 6 or 7) that was selected is switched to the 
3-stated mode while port 2 is returned to the input mode. 

Normally, a port will be in an output (write mode) or input (read mode). 
If modes are changed during operation, the first read following a write 
should be ignored; all following reads are valid. This is to allow the 
external driver on the port to settle after the first read instruction 
removes the low impedance drive from the TMP82C43P output. A read of 
any port will leave that port in a high impedance state. 
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ABSOLUTE MAXIMUM RATINGS 


Vcc V CC Supply Voltage with Respect to GND 

Vjjq Input Voltage with Respect to GND 

Vqut Output Voltage with Respect to GND 


Pp Power Dissipation 

"SOLDER Soldering Temperature (soldering Time 10 sec.) 

TgTG Storage Temperature 

Tqpr Operating Temperature 

D.C. CHARACTERISTICS (I) T opR =-40°C ~ 85°C, V CC =5V±10%, V ss =0V 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

VlL 

Input Low Voltage 


-0.5 

VlH 

Input High Voltage 


2.2 

V 0L1 

Output Low Voltage Ports 4-7 

^0L=5mA 


V 0L2 

Output Low Voltage Port 7 

I 0L=20mA 


V 0 L3 

Output Low Voltage Port 2 

I q P = 0 . 8mA 


V 0H11 

Output High Voltage Ports 4-7 

I 0H =_1 * 2mA 

2.4 

V 0H21 

Output High Voltage Port 2 

IQp=—0.6mA 

2.4 

V 0H12 

Output High Voltage Ports 4-7 

l0H =_0 *6mA 

Vcc-0.8 

v OH22 

Output High Voltage Port 2 

IqP=— 0.3mA 

V CC -0 ' 8 

I IL1 

Input Leakage Port 4-7 

V SS- V IN- V CC 


I IL2 

Input Leakage Port 2, CS,PR0G 

V SS- V IN- V CC 


I CC1 

Power Supply Current (1) 

V C C= 5V . V IL=°- 2V 

v ih= v cc-°- 2v 



RATING 

-0.5V to +7.0V 
-0.5V to V CC +0.5V 
-0.5V to V CC +0.5V 
250mW 
260°C 

-65°C to +150°C 
-40°C to +85°C 


MAX. UNI 


I 



PROG PERI0D=5yS 
V C C=5V,V IL =0.2V 

Icc2 Power Supply Current (2) Vih=V CC -0.2V 

PROG=V CC -0.2V 

TqL Sum of all IqL of 16 Outputs 5mA Each pin 
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D.C. CHARACTERISTICS (II) T 0PR =-40°C to 85°C, V CC =5V±20%, V ss =0V 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNITS 

V IL 

Input Low Voltage 

4.0V-V c c~4.5V 

-0.5 


0.15V CC 

V 

VlH 

Input High Voltage 

5.5V<V CC <6.0V 

0.5V CC 


v cc 

V 

V 0L1 

Output Low Voltage Ports 4-7 

I 0 L = AmA 



0.45 

V 

v OL2 

Output Low Voltage Port 7 

I 0L =15mA 



1.0 

V 

v OL3 

Output Low Voltage Port 2 

I q R = 0 .6mA 



0.45 

V 

V OH12 

Output High Voltage Ports 4-7 

I OH=-200 y A 

Vcc-0.8 



V 

V OH22 

Output High Voltage Port 2 

i oh =-100 p a 

v CC-0.8 



V 


Sum of all Iq R of 16 outputs 

4mA Each Pin 
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A.C. CHARACTERISTICS t opr = - 40 ° c to 80 ° c > V CC =5V±20%, V gs =0V 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

— 

TYP. 

MAX. 

UNITS 

fc A 

Code Valid Before PROG 

C L =80pF 

100 



ns 

C B 

Code Valid After PROG 

c L=20pF 

60 



ns 

tc 

Data Valid Before PROG 

c L=80pF 

200 



ns 

tD 

Data Valid After PROG 

c L=20pF 

20 



ns 

fc H 

Floating After PROG 

c L=20pF 

0 


150 

ns 

C K 

PROG Negative Pulse Width 


700 



ns 

t CS 

CS Valid Before/After PROG 


50 



ns 

tpo 

Ports 4-7 Valid After PROG 

c L=100pF 



700 

ns 

fc IP 

Ports 4-7 Valid ® e ^p R oG^ ter 


100 



ns 

^cc 

Port 2 Valid After PROG 

C L=80pF 



650 

ns 
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TIMING WAVEFORM 



INSTRUCTIOnY FLOAT X 1 DATA Y FLOAT 



tACC 



\7T OUTPUT 
/\ VADID 

J< 



tpo 

Tl 


PREVIOUS OUTPUT VALID 

A/output 

/\VALID 

tip 

— - 


>H 

INPUT VALID 

A 

/\ 


/ \ 

tcs 

\ 


t cs 
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OUTLINE DRAWINGS 


PLASTIC PACKAGE 


Unit in mm 


24 23 22 21 2010 IB 17 Lb It B 13 




3 '4 

_i_i—i—i—i—t- 

J—1—1—1—1-M 

] 

-H 

tlj Ip LjJ 

1 2 3 4 3b 

hqnjTxlj'iij i|j UJ 

V 8 o 10 u 12 


--1-- 

1 

■O 


(Note) 



Note : Each lead pitch is 2.54mm. All leads are located within 
0.25mm of their true longitudinal position with respect 
to No.l and No.24 leads. 
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8BIT MICROPROCESSOR 


TLCS-85A(NM0S) 




TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 

TMP8085AP 

N-CHANNEL SILICON GATE MOS 


8-BIT SINGLE CHIP MICROPROCESSOR 
GENERAL DESCRIPTION 

The TMP8085AP, from here on referred to as the TMP8085A, is a new generation, 
complete 8 bit parallel central processing unit (CPU). Its instruction set is 
100% software compatible with the TMP9080A (8080A) microprocessor, and it is 
designed to improve the present 9080’s performance by higher system speed. 

Its high level of system integration allows a minimum system of there IC’s : 
TMP8085A (CPU), TMP8155P/TMP8156P (RAM/10) and TMP8755AC (EPROM/10)/ TMP8355P 
(R0M/I0). The TMP8085A uses a multiplexed data bus. The address is plit 
between the 8 bit address bus and the 8 bit data bus. The on-chip address 
latches of TMP8155P/TMP8156P/TMP8755AC/TMP8355P memory products allow a direct 
interface with TMP8085P. 

FEATURES 

• 100% Software Compatible with TMP9080A 

• 1.3 s Instruction Cycle 

• Single +5V Power Supply 

• On-Chip Clock Generator (with External Crystal or RC Network) 

• On-Chip System Controller; Advanced Cycle status information available for 

Large System Control 

• 4 Vectored Interrupts (One is Non-Maskable) Plus an TMP9080A compatible interrupt 

• Decimal, Binary and Double Precision Arithmetic 

• Serial In/Serial Out Port 

. Direct Addressing Capability to 64K Bytes of Memory 

• Compatible with Intel’s 8085A 
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PIN CONNECTION 

(TOP VIEW) 


AD 0 C 

AD it 

AD 2 £ 

ADoC 

AD 4 q 

AD S 

ADc 


FIGURE 2. TMP8085A PINOUT 
DIAGRAM 


BLOCK DIAGRAM 



J 40 

3 Vcc 

2 

39 

3 HOLD 

3 

38 

3 HLDA 

4 

37 

3 CLK(OUT) 

5 

36 

3 RESET IN 

6 

35 

3 READY 

7 

34 

3 IO/M 

8 

33 

□ Si 

9 

32 

□ RD 

10 

31 

□ WR 

11 

30 

□ ALE 

12 

29 

□ s 0 

13 

28 

□Ais 

14 

27 

3A 14 

15 

26 

□ A n 

16 

25 

□ a i 2 

17 

24 

□ An 

18 

23 

3A 10 

19 

22 

□ Aq 

20 

_ 

K 


[ACCUMULATOR 
LATCH_ 


TEMP. 

REG. 


t-L 


INTR 

RST5. 

TRAP 

-II 


5,6.5,7.5 


1 


ARITHMETIC V 
.LOGIC UNIT 


IaccumulatoH 


(ALU) 

1 FLAG-RE G~ H 


7 


| INTERRUPT CONTROL 1 


INTERRUPT MASK 
SERIAL 1/0 
CONTROL_ 


|—SOD 
L-SID 


TEMP-REG. 

TEMP-REG. 

B - REG. 

C - REG. 

D - REG. 

E - REG. 

H - REG. 

L - REG. 

STACK POINTER (SV) 

PROGRAM COUNTER (PC) 

incrementer/decrementer 

ADDRESS LATCH 


data/ADDRESS _ j 
BUFFER _ 

DATA/ADDRESS BUS 
ADo- 7 


INSTRUCTION 

REGIST0R 


INSTRUCTION 
DECODER & 
MACHINE CYCLE 
ENCODING 

.t _ _I 


HTIMING AND CONTROL 


IT7J TWTWT 


T—RESET OUT 
-RESET IN 


ADDRESSLj 
BUFFER 


CLK X 2 RD S 0 


s n ale hold 


7T 

ADDRESS BUS 
A 8- I 3 


Xi WR = 


__S X HLDA 

NTA 10/M READY 


FIGURE 2. TMP8085A 
PINOUT DIAGRAM 
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PIN NAME AND PIN DESCRIPTION 

Xi, X2 (Input) 

Crystal, LC, or RC network are connected to Xl and X 2 to drive the internal clock 
generator. Xi and X2 can also be driven from an externally derived frequency 
source. The input frequency is devided by 2 to gqve the processor’s internal 
operating frequency. 

CLK (Output) 

Clock Output for use as a system clock. The period of CLK is twice the X]_, X2 
input period. 

RESET IN (Input) 

The RESET Input initialize the processor by clearing the program counter, instruc¬ 
tion register, SOD latch, Interrupt Enable flip-flop and HLDA flip-flop. The 
address and data buses and the control lines are 3-stated during RESET and because 
of the asynchronous nature of RESET, the processor’s internal registers and flags 
may be altered by RESET with unpredictable results. RESET IN is a Schmitt- 
triggered input, allowing connection to an RC network for power on RESET delay. 

The TMP8085A is held in the reset condition as long as RESET IN is applied. 

RESET OUT (OUTPUT) 

The RESET OUT signal indicates that the TMP8085A is being reset. It can be used 
as a system reset. It is synchronized to the processor clock and lasts an integral 
number of clock periods. 

SOD (Output) 

Serial output data line. The output SOD is set or reset as specified by the SIM 
instruction. 

SID (Input) 

Serial input data line. The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

INTR (Input) 

INTERRUPT REQUEST signal provides a mechanism for external devices to modify the 
instruction flow of the program in progress. It is sampled only during the next 
to the last clock cycle of an instruction and during Hold and Halt states. If it 
is recognized, the processor will complete the execution of the current instruc¬ 
tion, and then the Program Counter (PC) will be inhibited from incrementing and 
an INTA will be issued. During this cycle a RESTART or CALL instruction can be 
inserted to jump to the interrupt service routine. The INTR is enabled and dis¬ 
abled by software. It is disabled by RESET and immediately after an interrupt is 
accepted. 
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INTA (Output) 

INTERRUPT ACKNOWLEDGE: Occurs in response to an Interrupt input and indicates 
that the processor will be ready for an interrupt instruction on the data bus. 

It is used instead of (and has the same timing as) RD during the instruction 
cycle after an INTR is accepted. 

RST 5.5 'I 

RST 6.5 l (Inputs) 

RST 7.5 J 

RESTART INTERRUPTS: These three inputs have the same timing as INTR exept they 
cause an internal RESTART to be automatically inserted. These interrupts have 
a higher priority than INTR. The priority of these interrupts is ordered as 
shown Table 1. They may be individually masked out using the SIM instruction. 

TRAP (Input) 

Trap interrupt is a nonmaskable RESTART interrupt. It is sampled at the same 
timing as INTR or RST 5.5 - 7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. 

ADo - AD 7 (Input/Output, 3 - state) 

Lower 8 bits of the memory address (or I/O address) appear on the bus during the 
first clock cycle (Ti state) of a machine cycle. It then becomes the data bus 
during the second and third clock cycles. 

A 8 ~ A 15 (Output, 3-state) 

The most significant 8 bits of the memory address or the 8 bits of the I/O address, 
3-stated during Hold and Halt modes and during RESET. 

SO, Si, and IO/M (Output) 

Machine cycle status: 

IO/M Si S 0 Status 

Oil Opcode fetch 

010 Memory read 

001 Memory write 

1 1 0 I/O read 

101 1/0 write 

111 Interrupt Acknowledge 

TS 0 0 Halt 

TS X X Hold 

TS X X Reset 


Note: TS = 3-state (high impedance) 

X = unspecified 
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ALE (Output) 

Address Latch Enable: It occurs during the first clock state of a machine cycle 
and enables the address to get latched into the on-chip latch of peripherals. 

The falling edge of ALE can be used to strobe the status information. ALE is 
never 3-stated. 

WR (Output, 3-state) 

WRITE control: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or I/O location. Data is set up at the trailing 

edge of WR. It is 3-stated during Hold and Halt modes and during RESET. 

RD (Output, 3-state) 

READ control: A low level on RD indicates the selected memory or I/O device to 

be read and that the Data Bus is available for the data transfer, 3-stated during 

Hold and Halt modes and during RESET. 

READY(Input) 

When READY is absent (low), indicating the external operation is not complete, 
the processor will enter the Wait state. It will wait an integral number of 
clock cycles for READY to go high before completing the read or write cycle. 

HOLD (Input) 

The Hold input allows an external signal to cause the processor to relinquish 
control over the address bus and the data bus. When Hold goes active, the 
processor completes its current operation, activates the HLDA output, and puts 
the Address, Data, RD, WR, and IO/M lines into their high-impedance state. 
Internal processing can continue. The Holding device can then utilize the 
address and data busds without interference. The processor can regain the bus 
only after the Hold is removed. 

HLDA (Output) 

The Hold Acknowledge output signal is a response to a Hold input. It indicates 
that the processor has received the HOLD request and it will relinquish the 
bus in the next cycle. HLDA goes low after the Hold request is moved. The 
processor takes the bus one half clock cycle after HDLA goes low. 

vcc 

45 volt supply 

vss 

Ground Reference 
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FUNCTIONAL DESCRIPTION 

The TMP8085A is a complete 8-bit parallel central processor. Its basic clock 
speed is 3 MHz. Also it is designed to fit into a minimum system of three IC's: 

The CPU (TMP8085A), a RAM I/O (TMP8155P or TMP8156P), and a ROM or EPROM I/O chip 
(TMP8355P or TMP8755AC). 

The TMP8085A is provided with internal 8-bit registers and 16-bit registers. The 
TMP8085A has eight addressable 8-bit registers. Six of them can be used either 
as 8-bit registers or as 16-bit register pairs. In addition to the register 
pairs, the TMP8085A contains two more 16-bit registers. The TMP8085A register 
set is as follows: 

• The accumulator (A Register) is the focus of all of the accumulator instructions, 
which include arithmetic, logic, load and store, and I/O instructions. 

• The program counter (PC) always points to the memory location of the next 
instruction to be executed. 

• General - purpose registers BC, DE, and HL may be used as 8-bit registers or as 
three 16-bit registers, interchangeably, depending on the instruction being 
performed. 

• The stack pointer (sp) is a special data pointer that always points to the stack 
top (next available stack address). 

• The flag register contains five one-bit flags, each of which records processor 
status information and may also control processor operation. 

The five flags in the TMP8085A CPU are shown below: 


(MSB) 


D 7 

D6 

D5 

d 4 

d 3 

D 2 

Dl 

DO 

s 

z 


AC 


P 


C 


The carry flag (C) is set and reset by arithmetic operations. An addition opera¬ 
tion that resutls in an overflow out of the high-order bit of the accumulator 
sets the carry flag. The carry flag also acts as a "borrow" flag for subtract 
instruction. 

The auxiliary carry flag (AC) indicates overflow out of bit 3 of the accumulator 
in the same way that C flag indicates overflow out of bit 7. This flag is 
commonly used in BCD arithmetic. 

The sign flag (S) is set to the condition of the most significant (MSB) bit of 
the accumulator following the execution of arithmetic or logic instructions. 

The zero flag (Z) is set if the result generated by certain instructions is zero. 
The zero flag is cleared if the result is not zero. 

The parity flag (P) is set to 1 if the parity (number of 1-bits) of the accumu¬ 
lator is even. If odd, it is cleared. 
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In the TMP8085A microprocessor are contained the functions of clock generation, 
system bus control, and interrupt priority selection, in addition to execution 
of the instruction set. The TMP8085A uses a multiplexed Data Bus. The address 
is split between the higher 8-bit Address Bus and the lower 8-bit Address/Data 
Bus. During the first T state (Tq clock cycle) of a machine cycle the lower 
order address is sent out on the Address/Data Bus. These lower 8 bits may be 
latched externally by the Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memory or I/O data. 

INTERRUPT AND SERIAL i/o 

The TMP8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and TRAP. 
INTR is identical in function to 9080A INT. Each of three RESTART inputs 5.5, 

6.5, 7.5, has a programmable mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 

The three RESTART interrupts cause the internal execution of RESTART if the 
interrupts are enabled and if the interrupt mask is not set. The nonmaskable 
TRAP causes internal execution independent of the state of the interrupt 
enable or masks. 

There are two different types of inputs in the restart interrupts. RST 5.5 and 
RST 6.5 are high levelsensitive like INTR and are recognized with the same 
timing as INTR.RST 7.5 is rising edge-sensitive. 

For RST 7.5, only a pulse is required to set an internal flip-flop which generates 
the interrupt request. The RST 7.5 request flip-flop remains set until the 
request is serviced. Then it is reset automatically. This flip-flop may also be 
reset by using the SIM instruction or by issuing a RESET IN to the TMP8085A. The 
RST 7.5 internal flip-flop will be set by a pulse on the RST. 7.5 pin even when 
the RST 7.5 interrupt is masked out. 

The interrupts are'arranged in a fixed priority that determines which interrupt 
is to be recognized if more than one is pending : TRAP-highes^ priority. 

RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This priority scheme 
does not take into account the priority of a routine that was started by a higher 
priority interrupt. RST 5.5 can interrupt a RST 7.5 routine if the interrupts 
were reenabled before the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic errors such as power failure or bus 
error. It is not affected by any flag or mask. The TRAP input is both edge and 
level sensitive. The TRAP input must go high and remain high until it is acknow¬ 
ledged. It will not be recognized again until it goes low, then high again. 

This avoids any false triggering due to noise or logic glitches. 
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TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 


Name 

Priority 

Address Branched to 
When Interrupt Occurs 

Type Trigger 

TRAP 

1 

24 (Hex.) 

Rising edge and high level until 
sampled. 

RST 7.5 

2 

3C (Hex.) 

Rising edge (latched). 

RST 6.5 

3 

34 (Hex) 

High level until sampled. 

RST 5.5 

4 

2C (Hex.) 

High level until sampled. 

INTR 

5 

See Note (2) 

High level until sampled. 


Notes: (1) The processor pushes the PC on the stack before branching 
to the indicated address. 


(2) The address branched to depends on the instruction provided 
to the TMP8085A when the interrupt is acknowledged. 


The TRAP interrupt, is special in that it disables interrupts, but preserves 
the previous interrupt enable status. Performing the first RIM instruction 
following a TRAP interrupt allows you to determine whether interrupts were 
enabled or disabled prior to the TRAP. All subsequent RIM instruction 
provide current interrupt enable status. Performing a RIM instruction follow¬ 
ing INTR, or RST 5.5- 7.5 will provide current interrupt enable status, 
revealing that interrupts are disabled. 

The serial I/O system is also controlled by the RIM and SIM instructions. 

SID is read by RIM, and SIM sets the SOD date. 

BASIC TIMING 

The execution of each instruction by the TMP8085A consists of a sequence of 
from one to five machine cycles, and each machine cycle consists of a 
minimum of from three to six clock cycles. Most machine cycles consist of 
three T states, (cycles of the CLK output) with the exception of opecode 
fetch, which normally has either four or six T states (unless WAIT or HOLD 
states are forced by the receipt of READY or HOLD inputs). Any T state 
must be one of ten possible states, shown in Table 3. 

At the beginning of every machine cycle, the TMP8085A sends out three status 
signals (IO/M, Si, So) that define what type of machine cycle is about to 
take place. The TMP8085A also sends out a 16-bit address at the beginning 
of every machine cycle to identify the particular memory location or I/O 
port that the machine cycle applies to. 

The special timing signal, ADDRESS LATCH ENABLE (ALE), is used a strobe to 
sample the lower 8 -bits of address on the ADo - AD 7 lines. ALE is present 
during Tl of every machine cycle. Control lines RD (INTA) and WR become 
active later, at the time when the transfer of data is to take piece. 

Figure 3 shows an instruction fetch, memory read and I/O write cycle (as would 
o cc ur during processing of the OUT instruction). 
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TABLE 2. TMP8085A MACHINE CYCLE CHART 


MACHINE CYCLE 

IO/M 

si 

so 

RD 

WR 

INTA 

OPCODE FETCH 

0 

1 

1 

0 

1 

1 

MEMORY READ 

0 

1 

0 

0 

1 

1 

MEMORY WRITE 

0 

0 

1 

1 

0 

1 

I/O READ 

1 

1 

0 

0 

1 

1 

I/O WRITE 

1 

0 

1 

1 

0 

1 

ACKNOWLEDGE OF INTR 

1 

i 

1 

1 

1 

1 

0 

BUS IDLE : DAD 

0 

1 

0 

1 

1 

1 

ACK. OF 








1 

1 

1 

1 

1 

1 

RST, TRAP 







HALT 

TS 

0 

0 

TS 

TS 

1 


NOTE: 0=Logic "0", 1=Logic "1", TS=High Impedance 


TABLE 3= TMP8085A MACHINE STATE CHART 


MACHINE 

STATE 

s l> s o 

IO/M 

A 8 -Ai5 

ADQ-AD 7 

RD,WR 

INTA 

ALE 

T1 

X 

X 

X 

X 

1 

1 

1 ° 

T 2 

X 

X 

X 

X 

X 

X 

0 

Twait 

X 

X 

X 

X 

X 

X 

0 

T 3 

X 

X 

X 

X 

X 

X 

0 

T 4 

1 

ot 

X 

TS 

1 

1 

0 

T5 

1 

Of 

X 

TS 

1 

1 

0 

T 6 

1 

Of 

X 

TS 

1 

1 

0 

t reset 

X 

TS 

TS 

TS 

TS 

1 

0 

thalt 

0 

TS 

TS 

TS 

TS 

1 

0 

t hold 

X 

TS 

TS 

TS 

TS 

1 

0 i 


NOTES: (1) 0 =Logic "0", 1= Logic "l", TS=High Impedance, X=Unspecified 

(2) °ALE not generated during 2nd and 3rd machine cycles of 
DAD instruction 


(3) t IO/M = 1 during T 4 - T 6 of INA machine cycle 
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™W^\T2/Wto^TO/\T3/ 


PC H (HIGH ORDER ADDRESS(PC+1) H 


n ^ J 

n: to 

? >j 

n m 


•oq.«{XJ- 


(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY 

ADDRESS) MEMORY (I/O PORT ADDRESS) OR PERIPHERAL 

n (INSTRUCTION) r\ 


o — 

> 70 


S X S 0 = 11 (FETCH) 


10 (READ) 


01 (WRITE) Y 11 


FIGURE 3. TMP8085A BASIC SYSTEM TIMING 



INTEGRAFEDCIRCUIT 

IBS 

TECHNICAL DATA 


TMP8085AP 


DRIVING THE XI AND X2 INPUTS 

You may drive the clock inputs of the TMP8085A with a crystal, an LC tuned 
circuit, an RC network or an external clock source. The driving frequency 
must be at least 1 MHz, and must be twice the desired internal clock frequency. 

A. Quartz Crystal Clock Driver 

If a crystal used, it must have the following characteristics. 

• Parallel resonance at twice the clock frequency desired 

• Cg (shunt capacitance) < 7 PF 

• Rg (equivalent shunt resistance) < 75 Ohms 


Cl 



_||_,_ 

XI 


11 IT 


1 — 1 

W7777A f 

TMP8085AP 

JL 

11 T 

X2 




C2 


Note a value of the external capacitors C± and C2 between XI, X2 
and ground. In case of the crystal frequency above 4 MHz, it is 
recommended that you choose a value of lOpF for C^ and C 2 and less 
than 4 MHz, 20pF capacitors are recommended. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8085AP 


B. LC Turned Circuit Clock Driver 

A parallel-resonant LC circuit may be used as the frequency-determining 
network for the TMP8085A, providing that its frequency tolerance of 
approximately 10% is acceptable. The components are chosen from the 
formula. 


2tt /L (Cext + Cint) 

The use of an LC circuit is not recommended for frequencies higher than 
approximately 5 MHz. 



-1 TMP8085A 

X1 1 
=p c int 

X 2 I - 15 pF 


C. RC Circuit Clock Driver 

An RC circuit may be used as the frequency - determining network for the 
TMP 8085A if maintaining a precise clock frequency is of no importance. 
Variations in the on-chip timing generation can cause a wide variation 
in frequency when using RC circuit. The driving frequency generated by 
the circuit shown is approximately 3 MHz. It is not recommended that 
frequencies greatly higher or lower than this be attempted. 



f - 3 MHz 
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POWER ON AND RESET IN 

The TMP 8085A is not guarantee d to work until 10 ms after Vcc reaches 4.75 V. 
It is suggested that RESET IN be kept low during this period. 

Note that the 10 ms period does not include the time it takes for the power 
supply to reach its 4.75 V level. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8085AP 


INSTRUCTION SET 

Symbols and Abbreviations 

SYMBOLS DEFINITION 


ddd, £ 


r,rl,r2 


d8 

dl6 

addr8 

addr 

RP 


B 


2 


B 


3 


0 


S 

R 


The bit pattern designating one of the registers 
A,B,C,D,E,H,L (ddd=destination, sss=source): 

ddd or sss REGISTER NAME 


111 

000 

001 

010 

Oil 

100 

101 

110 


A 

B 

C 

D 

E 

H 

L 

M (Memory) 


One of the registers A,B,C,D,E,H,L 


8 -bit data quantity 


16-bit data quantity 


8 -bit address of an I/O device 


16-bit addreiss quantity 


The bit pattern designating one of the register 
pairs B,D,H,SP: 


RP rp 


REGISTER PAIR 
(rpH)(rpL) 


00 B B-C 

0\. D D-E 

10 H H-L 

11 SP SP 


The second byte of the instruction 


The third byte of the instruction 


Affected 


Set 


Reset 

Not affected 
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TMP8085AP 


Data Transfer 

Mnemonic 


MOV rl, r2 
MOV M, r 


Instruction Code 
D 7 Db D5 D4 D 3 D2 Di Do 

OldddSSS 

01110SSS 


Operation 

(rl) (r2) 

[ (H) (L) ] <- (r) 


„ Flag 

Bytes States ^ g P A C 


MOV r, M 

OldddllO 

(r) <- [ (H) (L) ] 

1 

7 

MVI r, d 8 

OOdddllO 

b 2 

(r) +■ (B 2 ) 

2 

7 

MVI M, d 8 

00110110 

b 2 

[(H)(L)] <- (B 2 ) 

2 

10 

LDA addr 

00111010 

b 2 

b 3 

(A) [ (B 3 ) (B 2 ) ] 

3 

13 

ldax b 

00001010 

(A) <- [(B) (C)] 

1 

7 

1 LDAX D 

00011010 

(A) [ (D) (E) ] 

1 

7 

LHLD addr 

00101010 

b 2 

b 3 

(L) <- [(Bs)(B 2 )] 

(H) ■«- [(B 3 )(B 2 )+1] 

3 

16 

fLXI H, dl 6 

00100001 

b 2 

b 3 

(H) +■ (Bj) 

(L) (B 2 ) 

3 

10 

LXI D, dl 6 

00010001 

b 2 

b 3 

(D) + (B 3 ) 

(E) «- (B 2 ) 

3 

10 

LXI B, dl 6 

00000001 

B 2 

b 3 

(B) + (B 3 ) 

(C) (B 2 ) 

3 

10 

LXI SP, dl 6 

00110001 

b 2 

b 3 

(sp) h + (b 3 ) 

(SP) L ■<- (B 2 ) 

3 

10 

SHLD addr 

00100010 

b 2 

b 3 

t (B 3 ) (B 2 ) ] (L) 

[(B 3 )(B 2 )+1] ■<- (H) 

3 

16 

STA addr 

00110010 

[(B 3 )(B 2 )] ^ (A) 

3 

13 
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INTEGR ATEDCIRCUIT 


TMP8085AP 


TECHNICAL DATA 


Mnemonic 


Instruction 

Code 


Operation 

Bytes 

States 

Flag 

d 7 

D b 

d 5 

Dh D* 

d 2 

Di 

Do 

C Z S P AC 

STAX B 

0 

0 

0 

0 0 

0 

1 

0 

[(B) (C)] <- (A) 

1 

7 


STAX D 

0 

0 

0 

1 0 

0 

1 

0 

[ (D) (E) ] - (A) 

1 

7 


SPHL 

1 

1 

1 

1 1 

0 

0 

1 

(SP) (H) (L) 

1 

6 


XCHG 

1 

1 

1 

0 1 

0 

1 

1 

(H) t- (D) 

(L) <- (E) 

1 

4 


XTHL 

1 

1 

1 

0 0 

0 

1 

I 

(L) - [(SP)] 

(H) *■ [(SP)+1] 

1 

16 


IN addr8 

1 

1 

0 

1 1 

b 2 

0 

1 

1 

(A) (data) 

2 

10 


OUT addr8 

T~ 

1 

0 

1 0 

B 2 

T~ 

1 

1 

(data) «- (A) 

2 

10 

; 



Branch 


Mnemonic 

Instruction Code 

Operation 

Bytes 

States 

Flag 

D 7 D b D5 D4 D3 D 2 Di Do 

C Z S P AC 

JMP addr 

11000011 

b 2 

Bo 

(PC) «- (b 3 )(b 2 ) 

3 

10 


JNZ addr 

11000010 

b 2 

B 3 

If z =0 

(PC) (B 3 )(B 2 ), 

If z =1 

(PC) «- (PC) +3 

3 

7/10 


JZ addr 

11001010 

b 2 

B3 

' 

If Z = 1 

(PC) +■ (b 3 )(b 2 ). 

If z=o 

(PC) «- (PC) +3 

3 

7/10 


JNC addr 

11010010 

b 2 

b 3 

If C = 0 

(PC) * (b 3 )(b 2 ). 

If c = 1 

(PC) (PC) +3 

3 

7/10 


JC addr 

11011010 

b 2 

B3 

If C = 1 

(PC) (B 3 )(B 2 ), 

If c = 0 

(PC) (PC) + 3 

3 

7/10 
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B 2 (PC) «- (B 3 )(B 2 ), 

b 3 If S = 0 


(PC) «- (PC) +3 

CALL addr 1 1 0 0 1 1 0 1 [ (SP)-l] <- (PCH) 3 18 

B 2 [ (SP)~2] +• (PCL) 



If Z =0, 

(PC) (PC) +3 
















INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TF1P8085AP 


Instruction Code 


D7 Dg D5 D4 D3 D2 D! Dq 


Operation 

If C =0, 
the actions 
specified in the 
CALL instruction 
are performed. 


(PC) (PC) +3 _ 

If C = 1, 
the actions 
specified in the 
CALL instruction 
are performed. 


(PC) +3 


Bytes States 


3 9/18 


C Z S P AC 


If P =0, 
the actions 
specified in the 
CALL instruction 
are performed. 


(PC) (PC) +3 

If P =1, 
the actions 
specified in the 
CALL instruction 
are performed. 


3 9/18 


(PC) <- (PC) +3 

If S = 0, 
the actions 
specified in the 
CALL instruction 
are performed. 


(PC) «- (PC) +3 















INTEGRATEDCIRCUIT 

TECHNICAL DATA 

TMP8085AP 



Mnemonic 

Instruction Code 

D? Ds D5 Dit D3 D2 Di Do 

Operation 

Bytes 

States 

Flag 

C Z S P AC 

CM addr 

11111100 

b 2 

b 3 

If S =1, 
the actions 
specified in the 
CALL instruction 
are performed. 

If S = 0 

(PC) «- (PC) +3 

3 

9/18 


RET 

11001001 

(PCL) «- [ (SP) ] 

(PCH) [(SP)+1] 

(SP) «- (SP) +2 

1 

10 


RNZ 

11000000 

If Z - 0, 
the actions 
specified in the 
RET instruction 
are performed. 

If Z = 1 

(PC) (PC) + 1 

1 

6/12 


RZ 

11001000 

If Z =1, 
the actions 
specified in the 
RET instruction 
are performed. 

If Z = 0 

(PC) (PC) + 1 

1 

6/12 


RNC 

11010000 

If C =0, 
the actions 
specified in the 
RET instruction 
are performed. 

If C = 1 

(PC) (PC) +1 

1 

6/12 















INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8085AP 



Instruction Code 

Operation 


States Flag 


D 7 D 6 D 5 D 4 D 3 D 2 Di D 0 


C Z S P AC 


11011000 

If C =1, 
the actions 
specified in the 
RET instruction 
are performed. 

If C = 0 

(PC) «- (PC) +1 

1 

6/12 -- 

0 

1 110 0000 

If P =0, 
the actions 
specified in the 
RET instruction 
are performed. 

If P = 1 

(PC) «- (PC) +1 

1 

6/12 -- 

'E 

11101000 

If P = 1, 
the actions 
specified in the 
RET instruction 
are performed. 

If P = 0 

(PC) (PC) +1 

1 

6/12 -- 


11110000 

If S = 0, 
the actions 
specified in the 
RET instruction 
are performed. 

If S = 1 

(PC) (PC) +1 

1 

6/12 -- 

[ 

11111000 

If S =1, 
the actions 
specified in the 
RET instruction 
are performed. 

If S = 0 

(PC) «- (PC) +1 

1 

6/12 -- 












INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TMP8085AP 


Arithmetic 


i Instruction Code _ 

ID 7 D6 D 5 D 4 D 3 D 2 Di Do 


Operation 


Bytes States 


Flag 

C Z S P AC 


11101001 (PCH) +■ (H) 16 

_ (PCL) < - (L)__ 

11AAA111 [(SP)-l] «- (PCH) 1 12 

[ (SP)-2 ] (PCL) 

(SP) (SP) - 2 

(PC) (00000000 
00AAA000) 


Mnemonic 

D 7 

D 6 

D 5 

Dh d 3 

0 2 

Di 

Do 

Operation 

Bytes 

States 

C 

z 

s 

p 

AC 

ADD r 

1 

0 

0 

0 

0 

s 

s 

s 

(A) + (A) +(r) 

1 

4 

0 

0 

0 

0 

0 

ADC r 

1 

0 

0 

0 

1 

s 

s 

s 

(A) <- (A) + (r) + (C) 

1 

4 ' 

0 

0 

0 

0 

0 

ADD M 

1 

0 

0 

0 

0 

1 

1 

0 

(A) (A)+[ (H) (L) ] 

1 

7 

0 

0 

0 

0 

0 

ADC M 

1 

0 

0 

0 

1 

1 

1 

0 

(AK(A)+[(HXL»+(c) 

1 

7 

0 

0 

0 

0 

0 

ADI d8 

1 

1 

0 

0 

0 

1 

1 

0 

(A) + (A) + (B 2 ) 

2 

7 

0 

0 

0 

0 

0 





b 2 












ACI d8 

1 

1 

0 

0 

1 

1 

1 

0 

(A) «- (A)+(B2) + (C) 

2 

7 

0 

0 

0 

0 

0 





b 2 












DAD rp 

0 

0 

R 

p 

1 

0 

0 

1 

(H) (L) (H) (L) 

+ (rH) (rL) 

1 

10 

0" 

~ 

- 

- 

— 

SUB r 

1 

0 

0 

1 

0 

s 

s 

s 

(A) (A) - (r) 

1 

4 

0” 

" 0 " 

~0 

~cT 

IT 

SBB r 

1 

0 

o~~ 

1 

1 

s 

s 

s 

(A) <- (A) - (r) - (C) 

1 

4 

0 

0 

0 

0 

0 

SUB M 

1 

0 

0 

1 

0 

1 

1 

0 

(A) -f (A)-[ (H) (L) ] 

1 

7 , 

0 

0 

0 

0 

0 

SBB M 

1 

0 

0 

1 

1 

1 

1 

0 

(AK(A)-[(HXL)]-(C) 

1 

7 

0 

0 

0 

0 

0 

SUI d8 

1 

1 

0 

1 

0 

1 

1 

0 

(A) «- (A) - (B 2 ) 

2 

7 

0 

0 

0 

0 

0 





b 2 












SBI d8 

1 

1 

0 

1 

1 

1 

1 

0 

(A)* (A) -(B 2 ) - (C) 

2 

7 

0 

0 

0 

0 

0 













643 




INTEGRATEDCIRCUIT 
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Logical Instruction 


Instruction Code _ 

D 7 D 6 D 5 D 4 D 3 D 2 Dj D 0 

10100SSS 
" 1 0 1 0 0 1 1 0 ~ 
11100110 


10101SSS 
10 10 1110 
11101110 


10110SSS 

10110110 


11110110 


Operation 


Bytes States 


(A) (A) A (r) 1 

" (A) «- (A) A [ (H) (L) ] T 
(A) <«- (A)A (B 2 ) 2~ 


(A) <- (A) If (r) 
'(A)^(A) V[(H)(L)] 
(A) ^ (A) T(B 2 ) 

TaT^”(A) MO 

(A) (A) V [ (H) (L) ] 

(A) (A) V (B 2 ) 


C Z S P AC 



R 0 0 0 S 
R 0 0 0 S 


R 0 0 0 S 


R 0 0 0 R 
R 0 0 0 R 


7 R 0 0 0 R 


R 0 0 0 R 


7 R 0 0 0 R 
7 R 0 0 0 R 


10111SSS 

10111110 


11111110 


0 0101111 


(A) - (r) 

7a) - [(H)(L)] 
(A) - (B 2 ) 

“(A) (A) 



0 0 0 0 0 
0 0 0 0 0 


0 0 0 0 0 


00000111 (An+i) «- (An) 

(A 0 ) + (A 7 ) 

_ (C) + (At) 

00001111 (An) (An+i) 

(A 7 ) ^ (Ao) 

_ (C) 4- (Ao) 

00010111 (An+i) (An) 

(C) (A?) 

(A 0 ) + (C) 

00011111 (An) «- (An+i) 


1 4 0- 


1 4 0 


1 4 0 - - 


1 4 0 
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TMP8085AP 


Increment and Decrement 


Instruction Code 
D7 D6 D5 D4 D3 D 2 Di Do 


Operation 


Bytes States 


OOdddlOJ) (r) «- (r) +1 _ I 

00110100 [(H)(L)] +- [(H)(L)]+1 

00RP0011 (rH)(rL)+-(rH)(rL)+l 

0 0 d d d 1 0 1 (r) <- (r) -1 


00110101 

00RP1011 


[(H)(L)]+[(H)(L)]-1 

(rH)(rLK(rHXrL)-l 


- 0 0 0 0 


PUSH rp 


Instruction Code 
D 7 D 6 D 5 Di+ D 3 D 2 Di Dq 


Operation Bytes Statesl 


C Z S P AC 


11RP0101 [ (SP)-l ] (rH) 1 

[ (SP) — 2] +■ (rL) 

(SP) -> (SP) - 2 

Note: Register 
pair rp=SP may not 
be specified. 

1111010. 1 [(SP)-l] (A) 1 

[ (SP)—2 ] +■ 
DyDeDsD^DalkDiOo 

Is |zI xIacIxI plxlcI 


(SP) (sp) - 2 

11RP0001 (rL) <- [(SP)] 

(rH) <- [(SP)+1] 

(SP) + (SP)+2 

11110001 (C) <- [ (SP) ] 0 

(P) «- [ (SP) ] 2 
(AC) <- [(SP)]h 
(Z) <- [(SP)]6 
(S) [(SP )]7 

(A) «- [ (SP)+1 ] 
(SP) «- (SP) +2 
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TECHNICAL DATA 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Ratings 

0 s 

n 

V cc Supply Voltage 

-0.5V to 7.0V 

V IN 

Input Voltage with Respect to V SS 

-0.5V to 7.0V 

V OUT 

Output Voltage with Respect to V SS 

-0.5V to 7.0V 

P D 

Power Dissipation 

1.5W 

T solder 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

T stg 

Storage Temperature 

-55°C to 150°C 

T opr 

Operating Temperature 

0°C to 70°C 


DC CHARACTERISTICS 

t A=°°C to 70°C, V CC = 5V±5% 


Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 

VlH 

Input High Voltage 


2.0 


VCC 

+0.5 

V 

+1 

O 

> 

Output Low Voltage 

Iql = 2mA 



0.45 

V 

V0H 

Output High Voltage 

Ioh = -400yA 

2.4 



V 

X CC 

Power Supply Current 




170 

mA 

IlL 

Input Leakage 

V IN = V CC 



± 10 

yA 

ilo 

Output Leakage 

0.45=V OUT ^V cc 



10 

yA 

V ILR 

Input Low Level (RESET) 


-0.5 


0.8 

V 

V IHR 

Input High Level (RESET) 


2.4 


V CC 

+0.5 

V 

V HY 

Hysteresis (RESET) 

| 

0.25 



V 
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1^2 TECHNICAL DATA 


TMP8085AP 


AC CHARACTERISTICS 


TA=0°C to 70°C, Vcc = 5V±5%, Vgs = OV, Unless Otherwise Noted. 


Symbol 

Parameter 

Test 

Conditions 

Min. 

Typ. 

Max. 

Units 

tCYC 

CLK Cycle Period 

C L =150pF 

t CYC=320ns 

320 


2000 

ns 

tL 

CLK Low Time - Standard 150pF Loading 
- Lightly Loaded [2] 

80 

100 



ns 

ns 

tH 

CLK High Time - Standard 150pF Load¬ 
ing 

- Lightly Loaded 

120 

150 



ns 

ns 

tr.tf 

CLK Rise and Fall Time 



30 

ns 

tXKR 

Xi Rising to CLK Rising 

30 


120 

ns 

tXKF 

Xp Rising to CLK Falling 

30 


150 

ns 

tAC 

Ag_i 5 Valid to Leading Edge of 
ControlCl] 

270 



ns 

t ACL 

Aq _7 Valid to Leading of Control 

240 



ns 

tAD 

Aq- 15 Valid to Valid Data In 



575 

ns 

tAFR 

Address Float after Leading Edge 
of READ (INTA) 



0 

ns 

tAL 

A8-15 Valid before Trailing Edge 
of aleUI 

115 



ns 

tALL 

AO-7 Valid before Trailing Edge of ALE 

90 



ns 

tARY 

READY Valid from Address Valid 



220 

ns 

tCA 

Address (A8 - A15) Valid after Control 

120 



ns 

tcc 

Width of Control Low (RD, WR, INTA) 
Edge of ALE 

400 



ns 

tCL 

Trailing Edge of Control to Leading 
Edge of ALE 

50 



ns 

C DW 

Data Valid to Trailing Edge of WRITE 

420 



ns 

tHABE 

HLDA to Bus Enable 



210 

ns 

t HABF 

Bus Float after HLDA 



210 

ns 

tHACK 

HLDA Valid to Trailing Edge of CLK 

110 



ns 

tHDH 

HOLD Hold Time 

0 



ns 

tHDS 

HOLD Setup Time to Trailing Edge of 
CLK 

170 



ns 

tlNH 

INTR Hold Time 

0 



ns 
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Symbol 

Parameter 

Test 

Conditions 

Min. 

Typ. 

Max. 

Units 

tlNS 

INTR, RST and TRAP Setup Time to 
Falling Edge of CLK 


160 



ns 

fc LA 

Address Hold Time after ALE 

100 



ns 

tLC 

Trailing Edge of ALE to Leading Edge 
of Control 


130 



ns 

tLCK 

ALE Low during CLK High 

100 



ns 

tLDR 

ALE to Valid Data during Read 



460 

ns 

tLDW 

ALE to Valid Data during Write 



200 

ns 

t LL 

ALE Width 

140 



ns 

t-LRY 

ALE to READY Stable 



110 

ns 

tRAE 

Trailing Edge of READ to Re-Enabling 
of Address 

150 



ns 

tRD 

READ (or INTA)to Valid Data 



300 

ns 

fc RV 

Control Trailing Edge to Leading 

Edge of Next Control 

400 



ns 

tRDH 

Data Hold Time After READ INTA 

0 



ns 

tRYH 

READY Hold Time 

0 



ns 

tRYS 

READY Setup Time to Leading Edge 
of CLK 

110 



ns 

tWD 

Data Valid After Trailing Edge of 
WRITE 

100 



ns 

tWDL 

LEADING Edge of WRITE to Data Valid 



40 

ns 


Notes: 


1. A8-15 address specs apply to IO/M, So and Sp except A8-15 
are undifined during T 4 - T 5 of OF cycle whereas IO/M, Sq, 
and Si are stable. 

2. Loading equivalent to 50 pF + 1 TTL input. 

3. All timings are measured at output voltage 
V L = 0.8 V, V H = 2.0 V. 

4. To calculate timing specifications at other value of t^yc 
use Table 4. 
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HIS TECHNICAL DATA 


TMP8085AP 


TABLE 4. BUS TIMING SPECIFICATION AS A T CY c DEPENDENT 


tAL 

(1/2) T - 45 

MIN 

tLA 

(1/2) T - 60 

MIN 

tLL 

(1/2) T - 20 

MIN 

tLCK 

(1/2) T - 60 

MIN 

tLC 

(1/2) T - 30 

MIN 

tAD 

(5/2+ N) T- 225 

MAX 

tRD 

(3/2+ N) T - 180 

MAX 

tRAE 

(1/2) T - 10 

MIN 

tCA 

(1/2) T - 40 

MIN 

tDW 

(3/2.+N) T - 60 

MIN 

tWD 

(1/2) T - 60 

MIN 

tcc 

(3/2 +N) T - 80 

1 MIN 

tCL 

(1/2) T - 110 

MIN 

t ARY 

(3/2) T- 260 

MAX 

tHACK 

(1/2) T - 50 

MIN 

tHABF 

(1/2) T + 50 

MAX 

tHABE 

(1/2) T + 50 

MAX 

tAC 

(2/2) T - 50 

MIN 

tL 

(1/2) T - 80 

MIN 

tH 

(1/2) T - 40 

MIN 

tRV 

(3/2) T - 80 

MIN 

tLDR 

. (4/2) T - 180 

MAX 


Note: N is equal to the total WAIT states. 
T = tCYC 
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FIGURE 4. CLOCK TIMING WAVEFORM 



FIGURE 5. READ OPERATION 



FIGURE 6. WRITE OPERATION 




^oHuba 


INTKjRATEDCIRCUIT 


TECHNICAL DATA 


TMP8085AP 


CLK 




tLCKK 


a 8 ^ a 15 
SqSi IO/M 




ADq % AD 




ALE 


tL 


RD/INTA - 


ADDRESS 


FAU 


t 2 

r 


t 3 


ADDRESS, STATUS 


tLA 


v-. 


tLC 


t AC 




fc AFR 


tLRY 


fc ARY 


jtRYS 


READY 


\ 


f 




tAD 


ss- 

- 49 - 


- 49 - 


- 49 - 




t LDR 




tRD 


DATA 

IN 


tcc 


tRYH 


- 49 - 


- 49 - 




tRAE 


K 


J~C 

. tRDH 

r 


FIGURE 7. READ OPERATION WITH WAIT CYCLE (TYPICAL) 

- SAME READY TIMING APPLIES TO WRITE OPERATION 



FIGURE 8. INTERRUPT AND HOLD TIMING 








8BIT MICROPROCESSOR 
PERIPHERALS(NMOS) 




TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP8155P 
TMP8156P 

N-CHANNEL SILICON GATE MOS 

2048 BIT STATIC MOS RAM WITH I/O PORTS AND TIMER 
GENERAL DESCRIPTION 

The TMP 8155P/8156P are RAM including I/O ports and counter/timer on the chip 
for using in the TLCS-85A microcomputer system. The RAM portion is designed 
with 2K bit static cells organized as 256 x 8. The 14 bit programmable counter/ 
timer is the down counter. It provides either a square wave or terminal count 
pulse for the cpu system depending on timer mode. 

The I/O portion is consists of 2 programmable 8 bit I/O ports and 1 program^- 
mable 6 bit I/O port. The programmable I/O ports can be operated by BASIC 
MODE and STROBE MODE. 

FEATURES 

• Compatible with Intel's 8155/8516 

• Single +5 V Power Supply 

• Access Time: 400 ns (MAX.) 

• Internal Address Latch 

• 2 Programmable 8 Bit I/O Ports and 1 Programmable 6 Bit I/O Port. 

• 256 Word x 8 Bits RAM 

• Programmable 14 Bit Binary Counter/Timer 

• Multiplexed Address and Data Bus 

• Chip Enable Active High (TMP8156P) or Low (TMP8155P) 

• 40 pin DIP 


PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 


TIMER 

IN 


FIGURE 2 TMP8155P/8156P FUNCTIONAL BLOCK DIAGRAM 
FIGURE 1 TMP8155P/8156P PINOUT DIAGRAM 
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Toshiba 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8155P,TMP8156P 


PIN NAMES AND PIN DESCRIPTION 
RESET (INPUT) 

The Reset signal is a pulse provided by the TMP8085A to initialize the 
system. Input high oij this line resets the chip and initializes the three 
I/O ports to input mode. The width of RESET pulse should typically be 
two TMP8085A clock cycle times. 

ADq~7 (input / OUTFUT , 3-state) 

These are 3-state Address/Data lines that interface with the CPU lower 
8 -bit Address/Data Bus. The 8-bit address is latched into the address 
latche on the falling edge of the ALE. The address can be applied to the 
memory section or the I/O section depending on the polarity of the IO/M 
input signal. The 8-bit data is either written into the chip or read 
from the chip depending on the status of WR or RD input signal. 

CE OR CE - (INPUT) 

Chip Enable: On the TMP8155P, this pin is CE and is ACTIVE LOW. 

On the TMP8156P, this pin is CE and is ACTIVE HIGH. 

RD (INPUT) 

Input low on thijs line with the Chip Enable active 
buffers. If IO/M pin is low, the RAM content will 
AD bus. Otherwise the content of the selected I/O 
status register will be read to the AD bus. 

WR (INPUT) 

Input low on this line with the Chip Enable active causes the data on the 
AD lines to be written to the RAM or I/O ports and command/status register 
depending on the polarity of IO/M. 

ALE (INPUT) 

Address Latch Enable: This control signal latches both the address on the 
AD 07 lines and the state of the Chip Enable and IO/M into the chip at the 
falling edge of ALE. 

io/m (input) 

10/Memory Select: This line selects the memory if low and selects the I/O 
and command/status register if high. 

PAq^( input/output,3-state) 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 


enables the ADg^y 
be read out to the 
port or command/ 
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tfottuba 


INTEGR ATEDCIROJIT 


TMP8155P,TMP8156P 


TECHNICAL DATA 


PB0-7(input/output,3-state) 

These 8 pins are general purpose I/O pins. The in/out direction is selected 
by programming the Command Register. 

PCQ~5(input/output,3-state) 

These 6 pins can function as either input port, output port, or as control 
signal for PA and PB. Programming is done through the Command Register. 

When PCqo ,5 are used as control signals, they are defined the following: 

PCq - A INTR (Port A Interrupt) 

PCi - A BF (Port A Buffer Full) 

PC 2 - A STB (Port A Strobe) 

PC 3 - B -INTR (Port B Interrupt) 

PC 4 - B BF (Port B Buffer Full) 

PC 5 - B STB (Port B Strobe) 

TIMER IN (INPUT) 

This is the input to the counter-timer. 

TIMER OUT (OUTPUT) 

This pin is the timer output. This output can be either a square wave or 
a pulse depending on the timer mode. 

V CC ( Pow er) 

+5 volt supply 

V ss (Power) 

Ground Reference 
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INTEGRATEDCIROJIT 


TECHNICAL DATA 


TMP8155P,TMP8156P 


FUNCTIONAL DESCRIPTION 


PROGRAMMING OF THE COMMAND REGISTER 

The command register consists of eitht latches. Four bits (0-3) define the 
mode of the ports, two bits (4-5) enable or disable the interrupt from port 
C when it acts as control port, and the last two bits (6-7) are for the timer. 


The command register contents can be altered at any time by using the I/O 
address XXXX000 during a WRITE operation. The function of each bit of the 
command byte is defined in FUGURE 3. 


ADDRESS 

COMMAND 

REGISTER 


1 X | X | x 

F~ 

o 

o 

o 

X 

AD7 AD6 AD5 AD4 AD3 AD2 ADI ADO 

tm 2 

™1 

IEB 

IEA 

PC 2 

PCl 

PB 

pa| 


j 



x = Don't care 
1 = Logic "1" 

0 = Logic "0" 


DEFINE PAo-7 
DEFINE PB 0 _ 7 


} 


0 

1 


INPUT 

OUTPUT 


DEFINES PCq_ 5 


p 00 
11 
01 

*- 10 


MODE 1 
MODE 2 
MODE 3 
MODE 4 


ENABLE PORT A 
INTERRUPT 

ENABLE PORT B 
INTERRUPT -I 


ENABLE 

DISABLE 


r-00 = NOP - DO NOT AFFECT COUNTER 

OPERATION 

*. 

01 = STOP -NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS RUNNING 


L— TIMER COMMAND 


10 = STOP AFTER TC - STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 


11 = START - LOAD MODE AND COUNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING,START 
THE NEW MODE AND COUNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 
IS REACHED. 


FIGURE 3 COMMAND REGISTER BIT ASSIGNMENT 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8155P,TMP8156P 


READING THE STATUS REGISTER 

The status register consists of seven latches, one for each bit; six (0-5) for 

the status of the ports and one (6) for the status of the timer. 

The status of the timer and the I/O section can be polled by reading the Status 

Register (Address XXXXX000). Status word format is shown in FIGURE 4. 

Note that you may never write to the status register since the command register 
shares the same I/O address and the command register is selected when a write 
to that address is issued. 


ADDRESS 

X 

X 

X 

X 

1 x 

0 

0 

0 


ad 7 

ad 6 

ad 5 

ad 4 

ad 3 

ad 2 

AD 1 

AD 0 

STATUS 

REGISTER 

X 

TIMER 

INTE 

B 

B 

BF 

INTR 

B 

INTE 

A 

A 

BF 

INTR 

A 


L—PORT a INTERRUPT REQUEST 

__ PORT A BUFFER FULL/EMPTY 

(INPUT/OUTPUT) 

-- PORT A INTERRUPT ENABLE 

- T PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 

PORT B INTERRUPT ENABLE 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY HARDWARE 
RESET) 


FIGURE 4 STATUS REGISTER BIT ASSIGNMENT 
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INTEGRATEDCIRCUIT 


TMP8155P,TUP8156P 


TECHNICAL DATA 


input/output section 
command/status register (c/s) 

Both register have the common address xxxxxOOO. When the C/S registers 
are selected during WRITE operation, a command is written into the C/S 
register. The contents of this register are not accessible through the pins. 
When the C/S is selected during a READ operation, the status information of 
the I/O ports and the timer becomes available on the ADq _7 ii ne s 

• PA Register — This register can be programmed to be either input or output 
ports depending on the status of the contents of the C/S Register. 

Also depending on the command, this port can operate in either the basic 
mode or the strobed mode (See timing diagram). The I/O pins assigned in 
relation to this register are PAq_ 7 * The address of this register is 
XXXXX001. 

• PB Register — This register functions the same as PA Register. The I/O 
pins assigned are PBq- 7 . The address of this register is XXXXX010. 

• PC Register - This register has the address XXXXX011 and contains only 
6 -bits. The 6 -bits can be programmed to be either input ports, output 
ports or as control signals for PA and PB by properly programming the 
AD2 and AD 3 bits of the C/S register. 

When PCq -5 is used as a control port, 3-bits are assigned for Port A and 
3 for Port B. The first bit is an interrupt that the TMP8155P/8156P issues. 

The second is an output signal indicating whether the buffer is full 
or empty, and the third is an input pin to accept a strobe for the strobed 
input mode. See Table 2. 

When the port C is programmed to either MODE 3 or MODE 4, the control 
signals for PA and PB are initialized as follows: 


-—-^CONTROL 

MODE - 

BF 

INTR 

STB 

INPUT MODE 

Low 

Low 

Input Control 

OUTPUT MODE 

Low 

High 

Input Control 
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TMP8155P,TMP8156P 


TECHNICAL DATA 


To summarize, the register’s assignments are shown TABLE 1. 


TABLE 1 I/O PORT ADDRESSING SCHEME 


I/O ADDRESS 

P INOUTS 

SELECT ION 

NO. OF BITS 

A 7 : 


As 

a 4 

*3 

a 2 

A 1 

A o 

X 

X 

X 

X 

X 

0 

0 

0 

Internal 

Command/Status Register 

8 

X 

X 

X 

X 

X 

0 

0 

1 

PA 0-7 

General Purpose I/O Port A 

8 

X 

X 

X 

X 

X 

0 

1 

0 

p Bo-7 

General Purpose I/O Port B 

8 

X 

X 

X 

X 

X 

0 

1 

1 

PC 0 -7 

General Purpose I/O Port or 

Control 

6 

X 

X 

X 

X 

X 

1 

0 

0 


Low-Order 8 bits of Timer Count 


X 

X 

X 

X 

X 

1 1 

0 

1 


High 6 bits/2 bits of Timer Count 



TABLE 2 TABLE OF PORT CONTROL ASSIGNMENT 


Pin 

MODE 1 

MODE 2 

MODE 3 

MODE 4 

PCO 

Input Port 

Output Port 

A INTR (Port A Interrupt) 

A INTR (Port A Interrupt) 

PCI 

Input Port 

Output Port 

A BF (Port A Buffer Full) 

A BF (Port A Buffer Full) 

PC2 

Input Port 

Output Port 

A STB(Port A strobe) 

A STB (Port A Strobe) 

PC3 

Input Port 

Output Port 

Output Port 

B INTR (Port B Interrupt) 

PC4 

Input Port 

Output Port 

Output Port 

B BF (Port B Buffer Full) 

PC5 

Input Port 

Output Port 

Output Port 

B STB (Port B Strobe) 


661 







TIMER SECTION 

The timer is a 14-bit down-counter that counts the 'timer input’ pulses and 
provides either a square wave or pulse when terminal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the low order byte of the register 
and the I/O address XXXXX101 for the high order byte of the register. 

To program the timer, the COUNT LENGTH REGISTER is loaded first, one byte at a 
time, by selecting the timer addresses. Bits 0-13 will specify the length of the 
next count and bits 14-15 will specify the timer output mode. The value loaded 
into the count length register can have any value from through 3 FFFjj in 
bits 0-13. 



FIGURE 5 TIMER FROMAT 



tfoSuba 



INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP81SSP,TMP8156 P 


There are four timer modes which are defined by M2 and Ml. 


M2 Ml 

0 0 -Put out low during second half of count. 

0 1 -Continuous square wave; The period of the square-wave 

equal s the count length programmed with automatic 
reload at terminal count. 

1 0 —s-- Single pulse upon TC being reached. 

1 1 -Continuous pulses. 


Note: In case of an odd-numbered count, the first half-cycle of the 

square-wave output,which is high, is one count longer than the 
second (low) half-cycle as shown in FIGURE 6. 



M2 Ml 

0 0 

0 1 

1 0 


1 1 


Load 


t 1 , 

reload reload 


FIGURE 6 ASYMMETRICAL SQUARE-WAVE OUTPUT RESULTING FROM COUNT OF 5 
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Bits 6-7 (TM2 and TM1) of command register contents are used to start and 
stop the counter. There are four commands to choose from; 

TM2 TM1 

0 0 NOP: Do not affect counter operation. 

0 1 STOP: NOP if timer has not started; stop counting if the 

timer is running. 

1 0 STOP AFTER TC: Stop immediately after present TC is reached. 

(NOP if timer has not started) 

1 1 START: Load mode and count length and start immediately 

after loading (if timer is not presently running). 

If timer is running, start the new mode and count length 
immediately after present TC is reached. 

Note that while the counter is counting, you may load a new count and mode 
into the count length registers. Before the new count and mode will be used 
by the counter, you must issue a START command to the counter. This applies 
even though you may only want to change the count and use the previous mode. 

The counter in the TMP8155P/8156P is not initialized to any particular mode 
or count when hardware RESET occurs, but RESET does stop the counting. 

Therefore you must issue a START command via the C/S register, because count¬ 
ing cannot begin following RESET. 

Please note that the timer circuit on the TMP8155P/8156P chip is designed 
to be a square-wave timer, not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, its registers do not 
contain values directly representing the number of TIMER IN pulses received. 
You cannot load an initial value of 1 into the count register and cause the 
timer to operate, as its terminal count value is 10 (binary). After the 
timer has started counting down, the values residing in the count registers 
can be used to calculate the actual number of TIMER IN pulses required to 
complete the timer cycle if desired. To obtain the remaining count, 
perform the following operations in order: 

1. Stop the count. 

2. Read in the 16-bit value from the count length registers. 

3. Reset the upper two mode bits. 

4. Reset the carry and rotate right one position all 16 bits through 
carry. 

5. If carry is set, add 1/2 of the full original count (1/2 full count-1 
if full, count is odd.) 

Note: If you started with an odd count and you read the count length register 
before the third count pulse occurs, you will not be able to 
discern whether one or two counts has occurred. Regardless of this, 
the TMP8155P/8156P always counts out the right number of pulses in 
generating the TIMER OUT waveforms. 
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TECHNICAL DATA 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 

Vcc 

Vcc Supply Voltage with Respect to Vgs 

-0.5V to +7.0V 

VlN 

Input Voltage with Respect to Vgs 

-0.5V to +7.0V 

v OUT 

Output Voltage with Respect to VsS 

-0.5V to +7.0V 

P D 

Power Dissipation 

1.5W 

T SOLDER 

Soldering Temperature (Soldering Time 10 sec.) 

260°C 

t STG 

Storage Temperature 

-55°C to +150°C 

TOPR 

Operating Temperature 

0°C to +70°C 


D,Ci CHARACTERISTICS 


T a = 0°C to +70°C, V cc = +5V ± 5% 


Symbol 

Parameter 

Test Conditions 

Min. 

Typ- 

Max. 

Units 

VIL 

Input Low Voltage 


-0.5 


0.8 

V 

VIH 

Input High Voltage 


2.0 


vcc +0 - 5 

V 

V 0 L 

Output Low Voltage 

Iol = 2 mA 



0.45 

V 

V 0 H 

Output High Voltage 

Iqh = — 400yA 

2.4 



V 

IlL 

Input Leakage 

VlN = V C c to 0V 



±10 

DA 

I L0 

Output Leakage Current 

0.45V < V 0UT £V CC 



±10 

UA 

I CC 

Vcc Supply Current 




180 

mA 

I IL(CE) 

Chip Enable Leakage 

8155 

8156 

V IN = V CC to 0V. 



+100 

-100 

UA 

pA 
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^2 

TECHNICAL DATA 



A.C, CHARACTERISTICS 


TA=QC to +70°G , Vcc=+5V±5% 


Symbol 

Parameters 

Test Conditior 

Min. 

Typ. 

Max. 

Units 

tAL 

Address to Latch Set Up Time 


50 



ns 

t LA 

Address Hold Time after Latch 


80 



ns 

t LC 

Latch to READ/WRITE Control 


100 



ns 

C RD 

Valid Data out Delay from READ 
Control 




170 

ns 

fc AD 

Address Stable to Data Out Valid 




400 

ns 

fc LL 

Latch Enable Width 


100 



ns 

tRDF 

Data Bus Float After READ 


0 


100 

ns 

fc CL 

READ/WRITE control Latch Enable 


20 



ns 

fc CC 

READ/WRITE Control Width 


250 



ns 

t DW 

Data In to WRITE Set Up Time 


150 



ns 

t WD 

Data in Hold Time After WRITE 

150pF Load 

0 



ns 

tRV 

Recovery Time Between Controls 


300 



ns 

TWP 

WRITE to Port Output 




400 

ns 

t PR 

Port Input Setup Time 


70 



ns 

1 RP 

Port Input Hold Time 


50 



ns 

fc SBF 

Strobe to Buffer Full 




400 

ns 

t SS 

Strobe Width 


200 



ns 

tRBE 

READ to Buffer Empty 




400 

ns 

t SI 

Strobe to INTR On 




400 

ns 

t RDI 

READ to INTR Off 




400 

ns 

t PSS 

Port Setup Time to Strobe 


50 



ns 

fc PHS 

Port Hold Time After Strobe 


120 



ns 

t SBE 

Strobe to Buffer' Empty 




400 

ns 

tfyJBF 

WRITE to Buffer Full 




400 

ns 

'wi 

WRITE to INTR Off 




400 

ns 

fc TL 

TIMER-IN to TIMER-OUT Low 




400 

ns 

t TH 

TIMER-IN to TIMER-OUT High 




400 

ns 

t RDE 

Data Bus Enable from READ Control 


10 



ns 

! 

TIMER-IN Low Time 


80 



ns 


TIMER-IN High Time 


120 



ns 
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TECHNICAL DATA 


TIMING WAVEFORMS 


A. READ CYCLE 


CE(8155) 

CE(8156) 

IO/M 



B. WRITE CYCLE 


CE(8155) 
CE(8156) 
IO/M 


VALID DATA 


- tAL—I U-H—t L A 


[— tLL 



FIGURE 7 READ/WRITE TIMING DIAGRAMS 







INTEGRATEDCIRCUIT 


TMP8155P,TMP8156P 


TECHNICAL DATA 


A. STROBED INPUT MODE 


BF 


STROBE 

INTR 

RD 


INPUT DATA 
FROM PORT 




\ 



tSBF 



—J 

L_(-_ 

-_ 


c -^ 

2C 


/ 

tRDI 


tPHS 


t-RBE—J 



r 



c- 

_ / 


“A 

r 


B. STROBED OUTPUT MODE 


BF ~f 

: M_ __ 


ItSBE 

, 

STROBE 

tWBF 



tcj 

INTR 

twi 




t _/ 


WR \ 


. twp 




r* • 

— 

OUTPUT DATA\. 

TO PORT _ 



FIGURE 9 STROBED i/o TIMING WAVEFORM 
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IN7EGRATEDCIRCUIT 


TMP8165P,TMP8156P 


TECHNICAL DATA 



Note 1: The timer output is periodic 
if in an automatic 
reload mode (Mi Mode Bit = 1) 


FIGURE 10 TIMER OUTPUT WAVEFORM COUNTDOWN FROM 5 TO 1 
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GENERAL DESCRIPTION 

The TMP8355P is a ROM and I/O chip to be used in the TLCS-85A microcomputer 
system. The ROM portion is organized as 2,048 words by 8 bits. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 
8 port lines, and each I/O port line is individually programmable as input 
or output. 

FEATURES 

• 2048 words x 8 bits ROM 

• Single + 5V Power Supply 

• Internal Address Latch 

• 2 General Purpose 8-Bit I/O Ports 

• Access Time : 400 ns (MAX.) 

• Each I/O Port Line Individually Programmable as Input or Output 

• Multiplexed Address and Data Bus 

• 40 pin DIP 

• Compatible with Inptel’s 8355 


PIN CONNECTIONS (TOP VIEW) BLOCK DIAGRAM 



FIGURE 1 TMP8355P PINOUT DIAGRAM FIGURE 2 TMP8355P FUNCTIONAL BLOCK DIAGRAM 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


PIN NAMES AND PIN DESCRIPTION 
ALE (INPUT) 

When Address Latch Enable goes high, ADq__ 7 , IO/M, A8 _io» CE 2 , anc * 'CE'l, enter the 
address latches. The signals (ADq_ 7 , IO/TT, Ag_^o» CE 2 , CE]_) are latched in at 
the trailing edge of ALE. 

AD 0 _ 7 (INPUT/OUTPUT, 3-state) 

Bi-directional Address/Data bus. The lower 8-bits of the ROM or I/O address are 

applied to the bus lines when ALE is high. During an I/O cycle, Port A or B are 

selected based on the latched value of ADq. If T£C) or XOR is low when the latched 

Chip Enables are active, the output buffers present data on the bus. 

As-10 (INPUT) 

These are the high order bits of the ROM address. They do not affect I/O 
operations. 

CEl, CE2 (INPUT) 

CHIP ENABLE INPUTS:"CEl is active low and CE 2 is active high. Both chip enables 
must be active to permit accessing the ROM. 

io/m (input) 

If the latched 10/M is high when RD is low, the output data comes from an I/O port. 
If it is low the output data comes from the ROM. * 

RD (INPUT) 

If the latched Chip Enables are active when RD goes low, the ADq _7 output buffers 
are enabled and output either the selected ROM location or I/O port. 

When both RD and IOR are high, the ADq _7 output buffers are 3-stated. 

TOW (INPUT) 

If the latched Chip Enables are active, a low on IOW causes the output port pointed 
to by the latched value of ADq to be written with the data on ADq_ 7 » 

The state of IO/M is ignored. 

CLK (INPUT) 

The CLK is used to force the READY into its high state after it has been forced low 
by CE^ 10W, CE 2 high, and ALE high. 




INTEGRATEDCIRCUIT 


TMP8355P 


TECHNICAL DATA 


READY (OUTPUT, 3-STATE) 

READY is a 3-state output controlled by GE^, CE 2 , ALE and CLK. 

READY is forced low when the Chip Enables are active during the time ALE is high, 
and remains low until the rising edge of the next CLK. 

PA 0 -PA 7 (INPUT/OUTPUT, 3-STATE) 

These are general purpose I/O pins. Their input/output direction is determined by 
the contents of Data Direction Register (DDR). Port A is selected for write 
operations when the Chip Enables are active,and IOW is low and a 0 was previously 
latched from ADq. 

Read operation is selected by either IOR low, active Chip Enables and ADq low, 
or 10/M high, RD low, active Chip Enables, and ADq low. 

PBo ~ PB 7 (INPUT/OUTPUT, 3-STATE) 

This general purpose I/O port is identical to Port A except that it is selected by 
a 1 latched from ADq. 

RESET (INPUT) 

In normal operation,an input high on RESET causes all pins in Ports A and B to 
assume input mode (clear DDR register). 

Tor (input) 

When the Chip Enabl es are active, a low on TOR will output the selected I/O port 
onto the AD bus. IOR low performs the same function as the combination of IO/M 
high and RD low. When IOR is not used in a system, TOR should be tied to ”1". 

Vcc (POWER) 

+5 volt supply. 

V SS (POWER) 

Ground Reference 
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INTEGRATED CIRCUIT 


TECHNICAL DATA 


TMP8355P 


FUNCTIONAL DESCRIPTION 
ROM SECTION 

The TMP8355P contains an 8-bit address latch which allows it to interface 
cirec.tly to TLCS-85A microcomputer system without additional hardware. 

The ROM portion of the chip is addressed by the 11-bit address (A8-10, ADo-7) 
and CE. The address, IO/M, CE 2 and CE^ are latched into the address latches 
on falling edge of ALE. If the Chip Enables (CE 2 and CE^) are active and 
IO/M is low when RD goes low, the contents of the ROM location addressed by 
the latched address are put out on the ADq-7 lines. 


I/O SECTION 

The I/O port portion consits of two 8-bit I/O ports and two 8-bit Data 
Direction Registers (DDR). The I/O portion of the chip is addressed by the 
latched value of ADq and AD^. Contents of Port A and Port B can be read and 
written, but the contents of DDR’s cannot be read. The contents of the 
selected I/O port can be read out when the latched Chip Enable are active and 
either RD goes low with IO/M high, or IOR goes low. 

The two 8-bit DDR’s (DDRA and DDRB) are used to determine the input/output 
status of each pin in the corresponding port. 

A ’0’ specifies an input mode and a *1* specifies an output mode. 

The two 8-bit DDR's are cleared by RESET signal. The table 1 summarize Port 
and DDR designation. 

TABLE 1, SELECTION OF PORT AND DDR DESIGNATION 


AD-l 

ADq 

Selection 

0 

0 

Port A 

0 

1 

Port B 

1 

0 

Port A Data Direction Register (DDR A) 

1 

1 

Port B Data Direction Register (DDR B) 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 


TnP8355P 


ABSOLUTE MAXIMUM RATINGS 

Symbol I 


v cc 

V cc Supply Voltage with Resp 

>ect to VsS 


-0. 

5V to 7, 

,0V 

V IN 

Input Voltage with Respect t 

:o V gs 


-0.5V to 7, 

,0V 

v OUT 

Output Voltage with Respect 

to V SS 


-0.5V to 7. 

,0V 

P D 

Power Dissipation 

1.5W 

t solder 

Soldering Temperature (Soldering Time lOsec.) 

260°C 

t stg 

Storage Temperature 

-55° 

C to+15C 

)°C 

t opr , 

Operating Temperature 

0°C to+70‘ 

5 C 

D.C 

CHARACTERISTICS 

T A = 0°c to 70 °C, Vcc = 5V t 

5% 





Symbol 

Parameter 

Test Conditions 

Min. 

Typ. 

Max. 

Units 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 

VlH 

Input High Voltage 


2.0 


v cc +0 - 5 

V 

o 

> 

Output Low Voltage 

I 0L = 2mA 



0.45 

V 

o 

> 

Output High Voltage 

Iqh = — 400]iA 

2.4 



V 

in 

Input Leakage Current 

V IN = V CC to 0V 



t 10 

yA 

I L0 

Output Leakage Current 

0.45 £ Vout ^V cc 



+ 10 

yA 

I CC 

V^c Supply Current 

! 



180 

mA 
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INTEGRATEDCIRCUIT 


TMP8355P 


TECHNICAL DATA 


A.C. CHARACTERISTICS 

T a = 0°C to 70°C, V cc = 5V ± 5% 


Symbol 

Parameter 

Test 

Conditions 

Min. 

Typ. 

Max. 

Units 

t CYC 

Clock Cycle Time 


320 



ns 

t L • 

CLK Low Width 


80 



ns 

tH 

CLK High Width 


120 



ns 

t r, 

CLK Rise and Fall Time 




30 

ns 

fc AL 

Address to Latch Set Up Time 


50 



ns 

tLA 

Address Hold Time after Latch 


80 



ns 

tLC 

Latch to READ/WRITE Control 


100 



ns 

fc RD 

Valid Data Out Delay from 

READ Control 

150pF 



170 

ns 

t AD 

Address Stable to Data Out Valid 

Load 



400 

ns 

fc LL 

Latch Enable Width 


100 



ns 

tRDF 

Data Bus Float after READ 


0 


100 

ns 

fc CL 

READ/WRITE Control to Latch Enable 


20 



ns 

fc CC 

READ/WRITE Control Width 


250 



ns 

C DW 

Data In to WRITE Set Up Time 


150 



ns 

t WD 

Data In Hold Time after WRITE 


10 



ns 

tWP 

WRITE to Port Output 


i - 


400 

ns 

fc PR 

Port Input Set Up Time 


50 



ns 

tRP 

Port Input Hold Time 


50 



ns 

t RYH 

READY Hold Time 


0 


160 

ns 

fc ARY 

ADDRESS (CE) to READY 




160 

ns 

r+ 

< 

Recovery Time between Controls 


300 



ns 

t RDE 

Data Out Delay from READ Controls 


10 



ns 

t LCK 

ALE Low during CLK High 


100 



ns 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8355P 


TIMING WAVEFORMS 
a 8 _ 10 , io/m 

CE 2 *CEi 


ALE 


AD, 


'0-7 


IOR, RD 


u 0-7 


A 


ADDRESS 


K 




t AL 


t LL . 


ADDRESS 


tLA 


ADDRESS 


X 


ADDRESS 




t AD 


h-OC 

tRDE 


)C 


C RD 


X 


/ V 


L RDF 


DATA 


I 


DATA 


fc DW 


l LC 


L CC 


J- ^ ADDRESS - 


I 


fc CL 


X 


C RV 


X 


X 


FIGURE 3 PROM READ, i/o READ, AND WRITE TIMING 



FIGURE 4 CLOCK SPECIFICATION FOR TMP8355P 



tfodfuba 



INTEGRATEDCIRCUIT 

TMP8355P 

ms 

TECHNICAL DATA 


CLK 

ad 0-7> a 8-10 
IO/M 

ce 2 , CE^ 


READY 

FIGURE 5 WAIT STATE TIMING (READY=0) 

A. INPUT MODE 
RD, TOR 

PORT INPUT 

AD 0-7 

B. OUTPUT MODE 

TOW 

PORT OUTPUT 

ad 0-7 

FIGURE 6 i/o PORT TIMING 









PROGRAM TAPE FORMAT 

TMP8355P programs are delivered in the form of punched paper tape or the 
8755A from which to copy. In case of the 8755A, Toshiba needs two pieces. 

(1) Tape Format 



| Leader, 50 "NULL" characters or more 

-Comment (Record mark ":" is not included) "j 

l Option 

- Record Mark j 

Record Length (2 hexadecimal digits) 

Loading Address (4 hexadecimal digits) 

"00" .... Normal Record 

Record Type (2 Digits) " 01 » _ End of File Record 

- Data 

Check Sum (2 hexadecimal digits) 

Dummy characters (RUBOUT, BLANK) before and after "(CR)(LF)" 
optional. 

- Record Mark (Repeated below) 

Trailer, 50 "NULL" characters or more 


are 


(2) Example of Tape List 

TOSHIBA MICRO COMPUTER TLCS-84 
:100000000665C7D79CF50F3F951FED55A8FF16E570 
:1000100088884DDE67D31F5D8ABA6DF292F113F5C1 
:100020004FF1FB5DFFDAA96A99CF7DF94A346B7C09 
:10003000197352F729F12F79AA9C057C5B851EED77 


1003C0005DFDB5E556A672 77F61A51C631CF9F0E80 
1003D000BD2F6F20E8BB1977E3FB5AD1F41FDAA7E2 
1003E000B53D42E0EC32546025B7308CDD52063D1D 
1003FOOOB4BE9E9E345B6138060B20VC372BF60BD6 
00000001FF 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TF8355P 


OUTLINE DRAWING 


40 Pins Plastic Package 


40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 


. t rj? 5j? Jl|e *ijp sjs. sjz s|e .sj? sj?... , j{? 

lsj?- l i|? *tt? “il? E|? T? q? 

rh 

in 

H 

6 

If ^ 

djb sjb' dj5'"i"dj5 A "iijjb dji d[b""djlT 

Lp-- 

lA'dli' d[b dli' dt'djifdjB 

to 

H 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


Unit in mm 


2.54 ± 0.25 



-H 


in 

to 



(Note 1 ) 
15.24 ± ' .1 



u I 


ftr. t 

i 

0.25 ± 0.1 


15.00 ~ 17.80 



(Note 2) 


Note: 1. This dimension shows the center of curvature of leads. 


2. This dimension shows spread of leads. 

3. All dimensions are in millimeters. 




INTEGRATEDCIRCUIT 

TECHNICAL DATA 


16,384 BIT EPROM WITH I/O PORTS 
GENERAL DESCRIOTION 


The TMP8755AC is an erasable and 
electrically reprogrammable ROM 
(EPROM) and I/O chip to be used in 
the TLCS-85A microcomputer system. 
The PROM portion is organized as 
2,048 words by 8 bits. 


FEATURES 

• U.V. Erasable and Electrically 
Reprogrammable ROM (2,048 x 8) 

• Single +5V Power Supply (Vcc) 

• Internal Address Latch 

• 2 General Purpose 8 bit I/O Ports 

• Access Time: 450 ns (MAX.) 


TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT 
TMP8755AC 


N-CHANNEL SILICON TATE MOS 


The I/O portion consists of two general 
purpose I/O ports. Each I/O port has 
eight port lines, and each I/O port 
line is individually programmable as 
input or output. 


• Each I/O Port Line individually 
programmable as Input or Output. 

• Multiplexed Address and Data Bus 

• 40 pin DIP 

• Compatible wih Intel’s 8755A 


BLOCK DIAGRAM 


PIN CONNECTIONS (TOP VIEW) 


PROG/CE-i C 

ce5: 
CLK E 
RESET E 
VDD C 
READY C 
IO/M C 

Tor e 

TOT E 
IOW E 
ALE E 
ADO E 
ADi 
AD2 
AD 3 
AD 4 
AD 5 
AD 6 
AD 7 

vss C| 

FIGURE 1 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 




40 3 V CC 
39 3 PB7 
38 UPB6 
37 3 PB 5 
36 3PB 4 
35 DPBa 
34 3PB 2 
33 3 PB 2 
32 3 PBo 
31 DPA 7 
30 3 PA 6 
29 3 PA 5 
28 3 PA 4 
27 3 PA 3 
26 3PA 2 
25 3 PAi 
24 3 PAo 
23 3 Ai o 
22 3 A 9 
21 3 Ao 


CLK 

READY 



TMP8755AC PINOUT DIAGRAM 


FIGURE 2 TMP8755AC FUNCTIONAL BLOCK DIAGRAM 
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IN1EGRATEDCIRCUIT 


TMP8755 AC 


TECHNICAL DATA 


PIN NAMES AND PIN DESCRIPTION 

ALE (Input) 

When Address Latch Enable goes high, ADq_ 7 , IO/M, Ag-io> CE 2 , and CE-^ 
enter the address latches. The signals (ADo-7, IO/M, A8-10, CE) are 
latched in at the trailing edge of ALE. 

ADq-7 (Input/Output, 3-state) 

Bi-directional Address/Data bus. The lower 8-bit of the PROM or I/O 
address are applied to the bus lines when ALE is high. During an I/O 
cycle. Port A or B are selected based on the latched value of ADo• 

If 1ST or 10R is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 

A8-10 (Input) 

These are the high order bits of the PROM address. They do not affect 
I/O operations. 

PR0G/CE1, CE2 (Input) 

CHIP ENABLE INPUTS: CEi is active low and CE 2 is active high._ 

Both chip enables must be active to permit accessing the PROM.CEl is 
also used as a programming pin. 

IO/M (Input) j 

If the latched IO/M is high when RD is low, the output data comes from an 
I/O port. If it is low the output data comes from the PROM. 

RD (Input) 

If the latched Chip Enables are active when RD goes low, the ADq_7 output 
buffers are enabled and output either the selected PROM location or I/O ports. 
When both RD and IOR are high, the ADq_^ output buffers are 3-stated. 


IOW (Input) 

If the latched Chip Enables are active, a low on IOW causes the output port 
pointed to by the latched value of ADq to be written with the data on ADo-7* 
The state of IO/M is ignored. 

CLK (Input) 

The CLK is used to force the READY into its high state after it has been 
forced low by CE^ low, CE 2 high, and ALE high. 
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INTEGRATEDCIROJIT 


TMP8755AC 


TECHNICAL DATA 


READY (Output, 3-state) 

READY is a 3-state output controlled by CE^, CE 2 , ALE and CLK. 

READY is forced low when the Chip Enables are active during the time ALE 
is high, and remains low until the rising edge of the next CLK. 

PAo - PA 7 (Input/Output, 3-state) 

These are general purpose I/O pins. Their input/output direction is 
determined by the contents of Data Direction Register (DDR). Port A i s 
selected for write operations when the Chip Enables are active and IOW 
is low and a 0 was previously latched fro m ADq> AD^. 

Read operation is selected by either IOR low and active Chip Enables and 

ADo and AD^ low, or IO/M high, RD low, active Chip Enables, and ADo and ADi low. 

PBo - PB 7 ("Input/Output, 3-state) 

This general purpose I/O port is identical to Port A except that it is 
selected by a 1 latched from ADq and a 0 from ADi. 

RESET (Input) 

In normal operation, an input high on RESET causes all pins in Ports A and 
B to assume input mode (clear DDR register). 

IOR (Input) 

When the Chip Enables are a ctive, a low on IOR will output the selected I/O 
port onto the AD bus., IOR low per forms the same function as th e combination 
of IO/M high and RD low. When IOR is not used in a system, IOR should be 
tied to Vcc "l". 

Vqq (Power) 

+5 volt supply 

Vgs (Power) 

Ground Reference 

V DD (Power) 

Vdd is a programming voltage and must be tied to +5V when the TMP8755AC is 
being read. For programming, a high voltage is supplied with Vdd = 25V, typical. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP87 55A C 


FUNCTIONAL DESCRIPTION 
PROM SECTION 

The TMP8755AC contains an 8-bit address latch which allows it to interface 
directly to TLCS--85A microcomputer system without additional hardware. 

The PROM portion of the chip is addressed by the 11-bit address (A8-10,AD 0 _7> 
and CE. The address, IO/M and CE are latched into the address latches on the 
falling edge of ALE. If the Chip Enables (CE 2 and CEi) are active and 
IO/M is low when RD goes low, the contents of the EPROM location addressed 
by latched address are output onto the ADq -7 lines. 

I/O SECTION 

The I/O port portion consists of two 8-bit I/O ports and two 8-bit Data 
Direction Registers (DDR). 

The I/O portion of the chip is addressed by the latched value of ADq and 
AD X . 

Contents of Port A and Port B can be read and written, but those of DDR's 
cannot be read. A port can be read out when the latched Chip Enables are 
active and either RD goes low with IO/M high, or IOR goes low- 
The two 8-bit DDR's (DDRA and DDRB) are used to determine the input/output 
status of each pin in the correspinding port. 

A 'O' specifies an input mode and a '1' specifies an output mode. 

The two 8-bit DDR's are cleared by RESET signal. The table 1 summarizes 
Port and DDR designation. 


TABLE 1 SELECTION OF PORT AND DDR DESIGNATION 


ADt 

ADq 

Selection 

0 

0 

Port A 

0 

1 

Port B 

1 

0 

Port A Data Direction Register (DDR A) 

1 

1 

Port B Data Direction Register (DDR B) 
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TMP8755AC 


INTEGRATEDCIRCUIT 


TECHNICAL DATA 


ERASURE CHARATERI ST ICS 

The TMP8755AC can be erased by applying light with wavelengths shorter 
than 4000 A. (1A= 10“^ cm). Sunlight and the fluorescent lamps may include 
3000 'V; 4000 A wavelength components consequently when used under such lighting 
for extended periods of time, an opaque seal will be required to protect the 
TMP8755AC. Generally, ultraviolet light with a wavelength of 2537 A is 
recommended for TMP8755AC-erasing, and in this case the integrated does 
(ultraviolet light intensity [W/cm^] x time [sec ]) should be over 15 
[W • sec /cm 2 ]. 


If the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1-cm from the lamp surface, erasure should be completed in about 
60 minutes. 

And using a lamp whose ultraviolet light intensity is a 12000 [iJW/cm2] will 
reduce the exposure time to about 20 minutes. (In this case the integrated 
dose should be 12000 [PM/ cm 2 ] x (20x 60)[sec] = 15 [W • sec/cm 2 ].) 


PROGRAMMING 

Initially when received by customers all bits of the TMP8755AC are in the 
1" state which is the erased state. Therefore programming is carried out 
by electrically writing in the "0" state at the desired bit locations. 

A programmed ”0" can only be changed to a "l" by ultraviolet erasure. 

The program mode itself consists of programming a single address at a time, 
giving a single 50 ms pulse for every address. 

Preliminary timing diagrams and parameter values pertaining to the TMP8755AC 
programming operation are contained in Figure 7. 
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INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP875SAC 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

Item 

Rating 

vcc 

V cc Supply Voltage with Respect to Vgg 

-0.5V to +7.0V 

V DD 

Vdd Supply Voltage for Programming with Respect to Vgg 

-0.5V to +26.5V 

VlN 

Input Voltage with Respect to Vgg 

-0.5V to +7.0V 

v OUT 

Output Voltage with Respect to ^SS 

-0.5V to +7.0V 

PD 

Power Dissipation 

1.5 W 

T SOLDER 

Seldering Temperature (Soldering Time 10 sec.) 

260°C 

T 

STG 

Storage Temperature 

-55°C to + 150°C 

t opr 

Operating Temperature 

0°C to -+70°C 


D i C , CHARACTER I ST ICS 


TA = 0°C to 70°C, Vcc = 5V±5%, V DD = Vcc± 0.6V 


Symbol 

Parameter 

Test Conditions 

Min. 

Typ- 

Max. 

Units 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 

VlH 

Input High Voltage 


2.0 


Vcc+0.5 

V 

V 0L 

Output Low Voltage 

IoL = 2mA 



0.45 

V 

VOH 

Output High Voltage 

lOH = -400yA 

2.4 



V 

1 1L 

Input Leakage Current 

V IN =V CC to 0V 



±10 

HA 

I L0 

Output Leakage Current 

0.45<V ou t < Vqq 

i 


±10 

PA 

icc 

Vcc Supply Current 


i 

i_ 


180 

mA 
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INTEGRATEDCIRCUIT 


TMP8755AC 


TECHNICAL DATA 


A.Ci CHARACTERISTICS 


TA = 0°C to 70°C , V C C = 5V ± 5% V DD - V cc + ft. 6V 


Symbol 

Parameter 

Test Condition 

Min. 

Typ. 

Max. 

Units 

tCYC 

Clock Cycle time 


320 



ns 

tL 

CLK Low Width 


80 



ns 

tH 

CLK High Width 


120 



ns 

t r» t f 

CLK Rise and Fall Time 




30 

ns 

fc AL 

Address to Latch Set Up Time 


50 



ns 

fc LA 

Address Hold Time after Latch 


80 



ns 

tLC 

Latch to READ/WRITE Control 


100 



ns 

tRD 

Valid Data Out Delay from 

READ Control 

150pF 



170 

ns 

tAD 

Address Stable to Data Out Valid 

Load 



450 

ns 

tLL 

Latbh Enable Width 


100 



ns 

tRDF 

Data Bus Float after READ 


0 


100 

ns 

tCL 

READ/WRITE Control to Latch Enable 


20 



ns 

tcc 

READ/WRITE Control Width 


250 



ns 

fc DW 

Data In to WRITE Set Up time 


150 



ns 

tWD 

Data In Hold Time after WRITE 


30 



ns 

tWP 

WRITE TO Port Output 




400 

ns 

tPR 

Port Input Set Up Time 


50 



ns 

tRP 

Port Input Hold Time 

! 

j 

50 



ns 

tRYH 

READY Hold Time 


0 


160 

ns 

fc ARY 

Address (CE) to READY 




160 

ns 

tRV 

Recovery Time between Controls 


300 



ns 

tRDE 

Data Out Delay from READ Controls 


10 



ns 

fc LD 

. 

ALE to Data Out Valid 




350 

ns 

t LCK 

ALE Low during CLK high 


100 



ns 
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D.C. CHARACTERISTICS FOR PROGRAMMING 


TA = 25°C± 5°C , V cc = 5V ± 5% , V ss = OV 


Symbol 

Parameter 

Min. 

Typ- 

Max/ 

Units 


Supply Voltage for programming 

24 

25 

26 

V 


Supply Current 



_2LJ 

, mA 


A.Ci CHARACTERISTICS FOR PROGRAMMING 


TA = 25°C± 5°C , V cc = 5V ±5% , V gs = OV 


Symbol 

Parameter 

Min. 

Typ. 

Max. 

Units 


Data Set Up Time 

10 



ns 


Data Hold Time 

0 



ns 


Program Pulse Set Up Time 

2 



ps 

msm 

Program Pulse Hold Time 

2 



Us 

IjM&m 

Program Pulse Rise Time 

10 

2000' 


ns 

tp F 

Program Pusle Fall Time 

10 

2000 


Vs 


Program Pulse Width 

45 

50 


ms 







INTEGRATEDCIRCUIT 


TMP8755AC 


tfteiuba 


^2 TECHNICAL DATA 


TIMING WAVEFORMS 



Note: CEi must remain low for the entire cycle. 

FIGURE 3 PROM READ, i/o READ, AND WRITE TIMING 



FIGURE 4 CLOCK SPECIFICATION FOR TMP8755AC 



INTBjRATEDCIRCUIT 

TECHNICAL DATA 


TMP8755AC 


ad 0-7, a 8-10 

io m 


t - 

* 

XZ 





f 


\ _, 


tAL 

S_ 

Lluk 

tRYH 


I 


FIGURE 5 WAIT STATE TIMING (READY= 0) 
A, INRUT MODE 

RD, TOR \_ y 

" * *"PR --1 

PORT INPUT rn ~ y~ 



B. OUTPUT MODE 


PORT OUTPUT 



FIGURE 6 I/O PORT TIMING 















INTB3RATEDCIRCUIT 

TECHNICAL DATA 


TOSHIBA MOS TYPE DEGITAL 
INTEGRATED CIRCUIT 

TMP8259AP 

Silicon Monolithic 
N Channel Silicon Gate MOS 


PROGRAMMABLE INTERRUPT CONTROLLER 
GENERAL DESCRIPTION 

The TMP8259AP is a programmable interrupt controller designed for use 
with the TLCS-85A microcomputer system. It handles up to eight vectored 
priority interrupts for the CPU. It is cascadable for up to 64 vectored 
priority interrupts without additional circuitry. 


FEATURES 

o Eight Level Priority Controller, 
o Expandable to 64 Level. 

o Interrupt Modes, Interrupt Mask, Vectored Address Programmable, 
o Single +5V Power Supply. 

o 8085 A, 8086 Microcomputer System Compatible, 
o Compatible with Intel’s 8259A. 


PIN CONNECTIONS (TOP VIEW) 



vcc 

A0_ 

INTA 

IR7 

IH 6 

IR 5 

IR4 

IR3 

IR2 

IRl 

IRO 

BJT_ 

sp/en 

0A S2 
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INTEGR ATEDCIRCUIT 


TMP8259AP 


TECHNICAL DATA 


PIN NAMES AND PIN DESCRIPTION 


Input/Output 


Chip Select Input. A low on this pin enables 
RD and WR communication between the CPU and the 
8259A. INTA functions are independent of CS. 

Write Control Input. A low on this pin when 
CS is low enables the 8259A to accept command 
words from CPU. 


Read Control Input. A low on this pin when CS 
Input is low enables the 8259A to release status 

onto the data bus for the CPU. 

Biderectional Data Bus. Command status and in- 
Input/Output terrupt-yector information is transfered via 


Input/Output 


Input/Output 


Cascade Lines. The CAS lines form a private 
8259A bus to control a multiple 8259A structure. 
These pins are outputs for a master 8259A and 
inputs for a slave 8259A. 

Slave Program/Enable Buffer. This is a dual 
function pin. When in the buffered mode it can 
be used as on Output to control buffer trans¬ 
ceivers (EN). When not in the buffered mode it 
is used as an input to designate a master 8259A 
(SP=1) or a slave (sp=0). 

Interrupt Request Output. This pin goes high 
whenever a valid interrupt request is asserted. 
It is used to interrupt the CPU. Thus it is 
connected to CPU’s interrupt pin. 






INTEGRATEDCIRCUIT 


TECHNICAL DATA 


TMP8259AP 


Pin Name Input/Output 


IRO ~ IR7 


Function 

Interrupt Request Inputs. An interrupt request 
is executed by raising an IR input (low to high), 
and holding it high until it is acknowledged 
(Edge Triggered Mode), or just by a high level 
on an IR input (Level Triggered Mode). 


Interrupt Acknowledge Input. This pin is used 
to enable 8259A interrupt-vector data onto the 
data bus by a sequence of interrupt acknowledge 
pulses issued by the CPU. 

AO Address Line. This pin acts in conjunction 
with the CS, WR, and RD pins. It is used by the 
8259A to decipher various command words the CPU 
writes and status the CPU wishes to read. It 
is typically connected to the CPU Ao address 
line. 
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INTEGRATEDCIRCUIT 

TECHNICAL DATA 

T 

MP8259AP 



ABSOLUTE N 

AXIMUM RATINGS 






SYMBOL 

vcc 

ITEM 

1 

RATING 


VCC Supply Voltage (with respect to GND (Vss)) 

-0.5 V 

to +7V 


VlN 

Input Voltage 



-0.5 V 

to +7V 


Pd 

Power Dissipation 




1W 


Tsoi 

Soldering Temperature 



260° C 


Tstg 

Storage Temperature 


- 

65°C to 150°( 


Topr 

Operating Temperature 



o 

o 

rt 

O 

o 

o 


DC CHARACTERISTICS T O p r =0 o C to 7C 

°C,VCC=+5V±10%,Vss=0 

V,Unless otherwise 

noted 

SYMBOL 

PARAMETER 

TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

VlL | Input Low Voltage 


-0.5 

- 

0.8 

V 

vie 

Input High Voltage 

2.0 


v CC+0.5 

V 

VOL 

Output Low Voltage 

IOL = 2.2mA 

- 

- 

0.45 

V 

VOH 

Output High Voltage 

IOH = -400yA 

2.4 

- 

- 

V 


Output High Voltage 

IOH = -100pA 

3.5 

- 

- 

V 

v OH( int; 

(INT) 

lOH = -400yA 

2.4 

- 

- 

V 

ILI 

Input Leak Current 

0V<Vin<V C C 


- 

±10 

UA 

ILOL 

Output Leak Current 

0.45V < Vin< Vcc 

- 

- 

±10 

UA 

icc 

Vcc Supply Current 


- 

- 

85 

mA 


Input Current 

Vin = OV 

- 

- 

-300 

yA 







{Toshiba 


INTEGRATEDCIRCUIT 


TMP8259AP 


^2 TECHNICAL DATA 

AC CHARACTERISTICS Topr=0 o C ^ 70°C, v^ c =5v±10%, Vgc;=0V, Unless otherwise noted. 

TIMING REQUIREMENTS 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

TAHRL 

Ao/CS Setup Time (RD/lNTAi) 

0 

- 

ns 

TRHAX 

Ao/CS Hold Time (RD/TNTAl) 

0 

- 

ns 

TRLRH 

RD Pulse Width 

235 


ns 

TAHWL 

Ao/CS Setup Time (WR>) 

0 

~ 

ns 

TWHAX 

AO/CS Hold Time (WRt) 

0 


ns 

TWLWH 

WR Pulse Width 

290 

- 

ns 

TDVWH 

Do - D7 Setup Time (WRl) 

240 


ns 

TWHDX 

DO - D7 Hold Time (WRl) 

0 

~ 

ns 

TJLJH 

Interrupt Request Pulse Width (LOW) 

100 


ns 

TCVIAL 

Cascade Setup Time (Second or Third INTA1) 

55 

. 

ns 

TRHRL 

RD1 to Next Command 

160 


ns 

TWHRL 

WRl to Next Command 

190 

- 

ns 


RESPONSE CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

TRLDV 

Valid Data Delay (RD/INTAI) 

DO ~ D7 

Cl = 100pF 

INT 

Cl= 100pF 

CASO - CAS2 

C L = lOOpF 

- 

- 

200 

ns 

TRHDZ 

Data Floating (RD/INTAt) 

- 

- 

100 

ns 

TJHIH 

Interrupt Output Delay (IR1) 

- 

- 

350 

ns 

TIALCV 

Valid Cascade Delay (INTA1) 

- 

- 

565 

ns 

TRLEL 

Enable Active (RD/INTAi) 

- 

- 

125 

ns 

TRHEH 

Enable Inactive (RD/lNTAt) 

- 

- 

150 

ns 

TAHDV 

Valid Data Delay (AO/CS) 

- 

- 

200 

ns 

TCVDV 

Valid Data Delay (CAS0-CAS2) 

- 

- 

300 

ns 


NOTE: AC TESTING. Inputs are driven at Vj, = 0.45V and Vh= 2.4V. 
Measurements are made at Vl= 0.8V and Vfl=2.0V. 
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TECHNICAL DATA 


TMP3259AP 


OUTLINE DRAWING 


UNIT : mm 


26 25 24 25 22 21 20 19 18 17 16 15 



(.Note ) 

2.54j 0.25 


15.24 TYF. 


5° 

1/y _i_ 

<rv 

1 



I 

h 

r 

u.2 5 

-o.o5 y 


Note: Each lead pitch is 2.54mm, and all the leads are located 


within ±0.25mm from their theoritical positions with respect 
to No.l and No.42 leads. 
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MICROCOMPUTER 

TECHNICAL DESCRIPTION 


Microcomputer Technical Description 


MICROCOMPUTER APPLICATION DEVELOPMENT TOOL 


GENERAL DESCRIPTION 


MICROCOMPUTER 


TECHNICAL DESCRIPTION 


DEVECOPMENT TOOLS 

Toshiba’s single-chip microcomputer development tool has the 
TDS400 microcomputer application development system and the dedicated 
debugging system. 

MICROCOMPUTER APPLICATION DEVELOPMENT SYSTEM TDS400 

By exchanging portions of the control board and software, the TDS400 
system can be changed into the following development systems: 

(1) TDS400/43 TLCS-43 Application Development System 

(2) TDS400/46 TLCS-46A Application Development System 

(3) TDS400/84 TLCS-84 Application Development System 

The TDS400 system is hereinafter described under the name of the 
TDS400/xx (xx denotes the name of the microcomputer series of 43, 46 or 84). 


DEDICATED DEBUGGING SYSTEM 

The dedicated debugging system can be realized by combining the 
debugging board and the emulation board, consisting of the following 
products. 


(1) 

BM4304 

TLCS-43 

debugging 

board 

+ BM4303 

TLCS-43 

emulation 

board 

(2) 

BM4604 

TLCS-46A 

debugging 

board 

+ BM4603B 

TLCS-46A 

emulation 

board 

(3) 

BM8404 

TLCS-84 

debugging 

board 

+ BM8403 

TLCS-84 

emulation 

board 
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1. MICROCOMPUTER APPLICATION DEVELOPMENT SYSTEM TDS400 
1.1 SYSTEM CONCEPT 

The TDS400/xx system is the application program development 
support system of Toshiba’s single-chip microcomputer. Micro¬ 
computer application program development is divided into two 
main categories, programming and real time debugging. These 
functions can be performed consecutively through the TDS400/xx 
system. 

o Programming: 

(1) Programming and editing of source program 

(2) Assembling source program (converting to machine code) 

(3) Loading, modifying and writing into EPROM in the object 
program 

o Real time debugging: 

(1) Allows to execute and debug program at a state with the 
application circuit, (direct modification with machine 
codes) 

(5) Monitoring and revising of internal status during program 
execution. 

(6) Data exchange with EPROM (read/write) 

The following mannuals are available as system documents relative 
to the functions and operating instructions of the TDS400/xx: 

(A) Operating Instructions (Description of the functions and 
operations of the above-mentioned (1) to (6). 

(B) Instruction Manuals (configuration description of hardware). 
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1.2 HARDWARE CONFIGURATION 

The TDS400/xx is a sytem which a microcomputer consists of 
TMP8085A MPU, 16 K-byte ROM, and 48K-byte RAM has been equipped 
with various auxiliary memories and input/output interfaces. 

To ensure a more useful development system, it is provided with 
16K EPROM wirter, emulation board, program memory (4 K-byte RAM) 
which can be substituted with ROM, and dedicated debugging console. 

The TDS400/xx hardware configuration is given in Fig.l, and 
its conceptrual system view in Fig.2, respectively. In Fig.l 
solid line boxes show basic configuration units, while dotted 
line boxes indicate optional units. The units enclosed with 
broken lines are supplied by users, as required. Shaded boxes 
indicate the specific units depending on the series of a micro¬ 
computer. Other units are common to both. 

When used as a programming system, this system requires a minimum 
of one console I/O device for input/output of commands and ap¬ 
plication program data. When the system is used as a real-time 
debugging tool,, operation is made through the attached debugging 
console. Real time execution can be obtained by removing the 
single chip microprocessor from the application circuit (user 
system) and plugging in the DIP socket from the emulation board. 
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Fig. 1 TDS400/xx Hardware Configuration 

Solid line boxes: basic configuration Dotted lines: Optional units 
Broken lines: user-supplied Shaded line boxes: specific to 
microcomputer 
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Fig. 2 Conceptual System View of TDS400/xx System 
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1.3 SOFTWARE CONFIGURATION 

As shown in*Fig.3, the TDS400/xx system software consists 
of a programming system segment and debugging console control 
segment. Shaded portions indicate the specific program depend¬ 
ing on the microcomputer series. Other programs are common to 
both. 


These programs are firmwared in 16 K-byte ROM within the main 
memory of the TMP8085A system: therefore, no loading of system 
programs is required, thus programs being able to be immediately 
operated. However, for operating option programs, such as as¬ 
sembler programs, the programs must be separately loaded. 

The system program uses a 2 K-byte as dedicated data area. 
Furthermore, a 4K-byte RAM is designated as dedicated area (called 
the back-up memory) for internal save and transmission in the 
program memory. The remaining 42 K-byte RAM area is a free area 
used as user programs, symbol tables, current file, or assembler 
program. (See Fig. 4) 

1.4 PROCESS FLOW OF APPLICATION PROGRAM DATA 

Fig. 5 shows a conceptual flow chart of the application 
program data for application program development and evaluation 
by using the TDS400/xx system (as programming system or debugg¬ 
ing console) 


1.5 PROGRAMMING SYSTEM 


The programming system is 
programming work (development) 


provided for facilitating the 
of application software. 
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Fig. 3 TDS400/xx System Program Configuration 

Shaded element: Portions depending to microcomputer series 



Fig. 4 TDS400/xx Main Memory Configuration 
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Debugging Console 


Programming System 


Fig. 5 Data Flow of Application Program 


* : Operation from the debugging console, 
o : Operation through the porgramming system. 
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The TDS400/xx programming system operates according to an 
input command from the input/output device. The following out¬ 
line shows the outline of utilization form at each step in ap¬ 
plication software programming. 

(1) In making a source program by expressing the control process¬ 
ing contents of application system in assembler language, 

the source program is entered directly through the keyboard 
or via paper tape, etc., revised and edited statement (line) 
by statement (line). If the program was structured into 
blocks, when it was written, the program can be easily edited 
into a single program and then punched onto paper tape, etc. 

(2) In assembling the source program, the assembler program is 
activated. Each pass of the program listing, object tape 
output, and generation of object program (machine code) in 
the main memory can be selected from the commands of input/ 
output device. 

(3) At the machine code level, the following functions can be 
implemented: object program loading, transmission, modifying, 
dumping, format change on the paper tape and writing into 

16K EPROM. 

The entire programming system can be operated from a single 
input/output device!), but for performing the operation at high¬ 
speed,multiple input/output devices can also be utilized. 

Note 1) Can use teletype, CRT display, or TV'keyboard 
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(a) 64 K-byte indirect memory - can be used as a temporary 

file memory. For example, if the paper tape source program 
is once stored in this memory, the program will become much 
faster and easier to excute. The source program, however, 
is restricted to about 1.5 ^ 2 K-byte because of memory 
capacity. 

(b) Floppy disk - a file memory (random file) similar to in¬ 

direct memory. Memory capacity is approximately 250 K-byte. 
Each disc can store 6 K^ 8 K-step source program. The pro¬ 
cessing rate is lower than that of indirect memory. 

(c) Paper tape reader and Paper tape punch - allows faster 

processing of paper tape. 

Printer — speeds up program listing output 

CRT display — convenient for editing and modifying applica¬ 
tion programs. 

(d) Digital cassette - can be used as a sequential file, instead 

of paper tape. This eliminates the bother of rewinding and 
remounting paper tape, improving speed and ease of handling. 

(e) Television receiver and simple keyboard - useful as low 

cost input/output devices. 

1.6 DEBUGGING CONSOLE 

The debugging console is designed for easy real time de¬ 
bugging of the application system. 

The debugging console, mounted in the front panel of the 
TDS400, is a dedicated console. Major functions performed by 
this console are as follows: 
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(1) Real time emulation can be performed. For application 
program memory, the user can select either program memory 
(RAM) within the TDS400/xx or external memory (EPROM) within 
the emulation board. 

(2) Program memory read and write is done directly 
through the debugging console. 

(3) Loading to program memory: 

(i) The program can be loaded directly from program EPROM. 

(ii) The program can also be loaded from the back-up memory 

within the development system^° te 

\ 

(4) Contents of the program memory: 

(i) Can be written directly into 16K EPROM. 

(ii) Can be compared with the contents of programmed EPROM. 

(iii) Can be transferred and saved to the back-up memory 

(5) Direct read and write can be performed with RAM or register 

built into the single-chip microcomputer just as with program 
memory. i 

( 6 ) Application programs can be initiated from any address. 

(7) Application ptograms may be stopped at any timeCyhile in 

operation. ,j 

( 8 ) Address-stop function provided. 

/\ 

Note 2) The back-up memory is a point of contact between the 
debugging console function and the programming system 
function. The programming system can load the back-up 
memory with an object program, and the contents of 4 the 
back-up memory can be put out onto paper tape, etc. 

(in various formats). 
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(9) Single-step operation possible. 

(10) Dummy interrupt signal can be entered through the debugging 
console. 

(11) Logical levels of all pins of microcomputer chip are always 
indicated. Voltage of the threshold value can be see at any 
level. 

1.7 EMULATION BOARD 

In the last step of application system development, it be¬ 
comes extremely important to be able to check the system opera¬ 
tions as close to the end product as possible. For answering 
this need, emulation board (BM4303/BM603B/BM8403) is available, 
as shown in Table 1. These emulation board are integrated with 
the evaluator chip and are designed to use EPROM in the program 
memory section. Fig. 6 shows the conceptualized drawings of 
these emulation boards. 

Besides the circuits attached to the evaluator chip, the 
emulation board has interface circuits for connecting to the ap¬ 
plication development system TDS400 and free space for mounting 
a small number of peripheral circuits. Fot the program memory, 
24-pin DIP sockets are provided so as to make it possible to use 
16K EPROM TMM323 (2716) unit. 

When this emulation board is connected with the TDS400, the 
user can choose to put the application program either into pro¬ 
gram memory (RAM) within the TDS400/xx or into EPROM on the 
emulation board. The former freely permits reading and reload¬ 
ing of program memory contents through the TDS400/xx debugging 
console, making debugging of the application program during 
development very convenient. 
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The latter does not permit reading and writing of the applica¬ 
tion program contents. However, in either case the application 
program can easily be checked by using the function of the de¬ 
bugging console of TDS400/xx while monitoring or changing 
internal status of the microcomputer. 

When the emulation board is disconnected from the TDS400, 
EPROM within the board is automatically used as program memory 
and the board can be used as an independent emulation board. 

The BM4302/4602A makes a compact emulation boards, equipped 
with one/two 16K EPROM TMM323 - (2716) as program memory. This 
board is useful for field-testing the applied product, but lacks 
free space and an interface to TDS400. 

Each emulation board provides each microcomputer chip and 
a DIP-type equivalent connector. With the microcomputer chip 
removed from the application circuit (user system) and this 
connector connected with its place, operations can be performed 
as if a single-chip microcomputer were mounted. 

When the application circuit is simple and no application 
circuit board has been provided, system development and evalua¬ 
tion can be accomplished by mounting a peripheral circuit in 
the free space on the emulation board. 

Fig. 7 illustrates a concenptualized view of each using 
situation of these emulation boards. Optimum emulation board 
and evaluation means can be selected according to the evalua¬ 
tion objectives of the application system. 
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Table 1 Single-chip Microcomputer Emulation Board 


Board 

Evaluator 

Program memory EPROM 

Oscil- 

Free 

Power 


Name 

Chip 

EPROM 

Qt. of 
Socket 

lator 
(Hz ) 

Space 

Supply 

Required 

Remarks 

BM4303 

TMP4300C 

16 K (one) 

1 

I F T . 
(455K) 

Yes 

5V 

Can be used invidid- 
ually or connected 
TDS400/43 

BM4603B 

TCP4600AC 

16 K (two) 

2 

I F T 
(400K) 

Yes 

5V 

Can be used individ¬ 
ually or connected 
TDS400/46 





Crystal 

6M 



Can be used individ¬ 

BM8403 

TMP8Q39-6 

16 K (two) 

2 

Yes 

5V 

ually or connected 
TDS400/84 
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Interface circuit Plug-in to TDS400 



DIP-type connector 


Plug-in to TDS400 



40-pin .., BM8403 
DIP-type connector 


Fig. 6 Emulation Boards -— Conceptualized Drawings 
(Note: Ev-chip is an abbreviation of evaluator chip.) 
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Plugging in 
the TDS400 


Type of 
mounting for N 
the application^- 
circuit 
(Peripheral circuit) x 


For plugging in the TDS400 
to verify operations. 

To mount application pro¬ 
gram in: 

o TDS400 program memory 
(RAM) or 

o Emulation board EPROM 


For verifying opera¬ 
tions of the applica¬ 
tion system by use of 
the emulation board 
alone or for making 
field test. 


Verifying or dubugging 
operations of systems 
by replacing the micro¬ 
computer chip within 
the applicaiton cir¬ 
cuit board. 


Plugging in 
TDS400 




~tr 

Micro¬ 

computer 

Application 
circuit board 


Micro¬ 

computer 

Power 



Power 

Supply 



Supply 


Application 
circuit board 


For verifying or de¬ 
bugging operations by 
mounting the micro¬ 
computer peripheral 
circuit of the applica¬ 
tion circuit on the free 
space. 


Plugging in 
TDS400 



Peripheral circuit 
of the application 
system 


Peripheral cir¬ 
cuit of the ap¬ 
plication system 



Fig. 7 Examples of Emulation Board Usage 


717 





MICROCOMPUTER 

TECHNICAL DESCRIPTION 


2. DEDICATED DEBUGGING SYSTEM 
2.1 SYSTEM CONCEPT 

The dedicated debugging system is formed by a combination of 
the debugging board (BM4304/4604/8404) and emulation board . 

The debugging board is a low cost development tool for debugging 
application software and hardware to which Toshiba's single¬ 
chip microcomputer is applied. For assembling a program, other 
means must be utilized. 

Fig. 8 shows the conceptualized drawing of this development 
system. In this drawing, the portions enclosed with solid lines are 
the units of minimum requirement for program debugging, while 
those enclosed with broken lines are the units supplied by user 
as required. The shaded portions which the cable connecting the 
debugging board to emulation board has been removed, indicate 
the structure to make it possible to execute application programs 
through EPROM on the emulation board. 

Mojor functions of the debugging board are as follows: 

(1) Real-time emulation possible. The program memory (RAM 4K 
bytes) of the debugging board is used as an application 
program memory. 

(2) The contents of the program memory can be read and written 
directly from the console. 

(3) The program loading can be performed from the written EPROM 
to the program memory. 

(4) Direct read and write can be performed to RAM, register 
and I/O device contained in the single-chip microcomputer 
in the same way as the program memory. 
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(5) Application programs can be initiated from any address. 

(6) Application programs can be stopped at any time while in 
operation. 

(7) Address-stop function provided. 

(8) Single-step operation possible. 

(9) Pseudo interrunt signal can be entered through the debugging 
console. 
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50-pin Flat Cable 


Debugging Board 
BM4304/4604/8404 


Debugging Console 
(Console) 



Applicatib^V^ 
Circuit Boars 

^\ 3 -' 
Microcomputer v V- 


Evaluator Chip 


DIP-type Connector 


Emulation Board 


Fig. 8 Conceptualized Drawing of Dedicated Debugging System 
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3. PRODUCTS CONFIGURATION FOR APPLICATION DEVELOPMENT SUPPORT SYSTEM 

Depending on the user’s needs, the TDS400 and emulation board 
can be converted or expanded. For example, conversion of the 
TDS400/43 system to the TDS400/46 system can be accomplished by 
replacing BM4301A + BM4303 + SW4323 with BM4601A + BM4603B + SW 
4623, and vice versa. 

The optional I/O interface boards are common to all the TDS400 
development systems. These interfaces can be attached directly to 
the supposed standard I/O equipment and/or auxiliary memory devices 
(See Fig. 1). Further, these equipment and devices are so designed 
as to be used without modification of the system software. 

Therefore, it is very convenient for user to keep various kinds 
of several emulation boards at hand in order to forward verification 
work of application systems smoothly. 
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Fam¬ 

ily 

Model No. 

Description 

Configuration of 
Products 

Accompanying 

Materials 

Remarks 

Com¬ 

mon 

to 

TDS400 

Microcomputer appli¬ 
cation system 400 
(Toshiba MDS model 
400) 

BM4006A + SW4006A 
Optional board 
(BM4001 ^ 5) 

Refer to each 
system component 

Products name of com¬ 
bined system, periph¬ 
eral. equipment is 
supplied by user. 


SW0051 

Paper tape output 
program/ACOS (PT out¬ 
put program on ACOS) 

Card image magnet¬ 
ic tape (9 tracks) 
of source program 
(FORTRAN) 

SW0051 Instruc¬ 
tion manual 

For object output of 
cross assembler 
(SWxx53) 


SW0061 

Paper tape output 
program/NOVA (PT out¬ 
put program on NOVA) 

Paper tape (ASCII 
code) of source 
program (FORTRAN) 

SW0061 Instruc¬ 
tion manual 

For object output of 
cross assembler 
(SWxx63) 


BM4001 

64KB Indirect memory 

Board module (1) 

BM4001 Instruc¬ 
tion manual 

Mounted on BM4006A 


BM4002 

General I/O interface 

Board module (1) , 
intra-board con¬ 
nection cable (2), 
connector board(l) 

BM4002 Instruc¬ 
tion manual 

Ditto 

RS232C, PTR, PTP & 
Printer 


BM4003 

TV• Keyboard interface 

Board module (1) , 
keyboard (1), intra¬ 
board connection 
cable (2), con¬ 

nector board (1) 

BM4003 Instruc¬ 
tion manual 

Ditto 

Connected to NTSC type 
of TV set 


BM4004 

Floppy disk interface 

Board module (1), 
intra-boad con¬ 
nection cable (1) 
connector board 
(1) 

BM4004 Instruc¬ 
tion manual 

Ditto 

Can be connected to 
two FD drives of 
single-sided single 
density 
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Model No. 

Description^ 

Configuration of 
Products 

Accompanying 

Materials 

Remarks 

Com¬ 

mon 

to 

BM4005 

Digital cassette 
interface 

Board module (1), 
intra-board con¬ 
nection cable (2), 
connector board 
(1) 

BM4005 Instruc¬ 
tion manual 

Mounted on BM4006A 

Can be connected to 
two 10"/sec DC handlers 


BM4006A 

TDS4QQ hardware 
main frame 

A set of TDS400 
basic hardware with 
power supply in 
cabinet 

BM4006A Instruc¬ 
tion manual 

EPROM writer with de¬ 
bugging console, serial 
port (1) 


SW4006A 

TDS400 system A 
monitor program 

EPROM ( 8) (monitor 
program, 16K bytes) 

TDS400 System A 
operation manual, 
SW4006A instruc¬ 
tion manual 

System control program 
packed in main memory 
region of BM4006A 

43 

TDS400/43 

Toshiba MDS400 for 
TLCS-43 

TDS400 + BM4301A 
+ BM4303:+SW432 3 

Refer to each 
system component 

Products name of com¬ 
bined system. Periph¬ 
eral equipment is sup¬ 
plied by user 


BM4301A 

TDS400/43 control¬ 
ler 

Board module (1), 
EPROM (1), (con¬ 
trol program, 2K 
bytes) 

TDS400/43 debugger 
operation manual, 
BM4301A Instruc¬ 
tion manual 

EPROM is repalced with 
a part of SW4006A in 
main memory area 


BM4303 

TLCS-43 emulation 
board 

Board module (1), 
EPROM (1), Cables 
(2) to LSI socket 

BM4303 Instruc¬ 
tion manual 

Board with functions 
equivalent to LSI of 
TLCS-43. With inter¬ 
face to TDS400 


BM4304 

TLCS-43 debugging 
board 

Board module (1), 
cable (1) connect¬ 
ing with BM4303 

BM4303 debugging 
board operation 
manual. BM4303 
instruction manual 

Used for debugging by 
connecting with BM4303 
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Fam¬ 

ily 

Model No. 

Description 

Configuration of 
Products 

Accompanying „ 
Materials 

Remarks 

43 

SW4323 

TLCS-43 assembler 
on TDS400 

EPROM (3) (Assembler 
program 6K bytes) 

TLCS-43 assembly 
language manual. 
SW4323 Instruc¬ 
tion manual 

Loaded from EPROM 
writer (/reader) of 
TDS400 


SW4353 

TLCS-43 cross as¬ 
sembler on ACOS 

Card image magnet¬ 
ic tape (9 tracks) 
of source program 
(FORTRAN) 

TLCS-43 assembly 
language manual. 
SW4353 Instruc¬ 
tion manual 

Used together with 
SW0051 


SW4363 

TLCS-43 cross as¬ 
sembler on NOVA 

Paper tape(ASCII 
code) of source 
program (FORTRAN) 

TLCS-43 assembly 
language manual. 
SW4363 Instruc¬ 
tion manual 

Used together with 
SW0061 


SW4393S 

SW4393D 

TLCS-43 assembler/ 
iMDS 

Diskette(l) (ISIS- 
II file) 

S: single side 
single density. 

D: single side 
double density. 

TLCS-43 assembly 
language manual. 
SW4393S, D 
instruction manual 

Operates under ISIS- 
II 

46A 

TDS400/46 

TLCS-46A applica¬ 
tion development 

TDS400 + BM4601A + 
BM4603B + SW4623 

Refer to each 
system component 

Products name of com¬ 
bined system, periph¬ 
eral equipment is 
supplied by user. 


BM4601A 

TDS400/46 control¬ 
ler) 

Board module (1) , 
EPROM (1) (con¬ 
trol porgram 2K 
bytes) 

TDS400/46 debug¬ 
ger operation 
manual. 

BM4601A instruc¬ 
tion manual 

EPROM is replaced with 
a part of SW4006A in 
main memory area 
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Fam¬ 

ily 

Model No. 

Description 

Configuration of 
Products 

Accompanying 

Materials 

Remarks 

46A 

BM4603B 

TLCS-46A emulation 
board 

Board module (1), 
EPROM (2), Cable 
(1) to LSI socket 

BM4603B Instruc¬ 
tion manual 

Board with functions 
equivalent to LSI of 
TLCS-46A. With inter¬ 
face to TDS400 


BM4604 

TLCS-46A debugging 
board 

Board module (1), 
Cable (1) to BM4603B 

BM4604 debugging 
board Operation 
manual. BM4604 
instruction manual 

Used for debugging by 
connecting with BM4603B 


SW4623 

TLCS-46A assembler 
on TDB400 

EPROM (3) (assembler 
program 6K bytes) 

TLCS-46A assembly 
language manual. 
SW4623 instruc¬ 
tion manual 

Loaded from EPROM 
writer (/reader) of 
TDS400 


SW4653 

TLCS-46A cross as¬ 
sembler on ACOS 

Card image magnet¬ 
ic tape (9 tracks) 
of source program 
(FORTRAN) 

TLCS-46A assembly 
language manual. 
SW4653 instruc¬ 
tion manual 

Used together with SW0051 


SW4663 

TLCS-46A cross as¬ 
sembler on NOVA 

Paper tape (ASCII 
code) of source 
program (FORTRAN) 

TLCS-46A assembly 
language manual. 
SW4663 instruc¬ 
tion manual 

Used together with SW0061 


SW4693S 

SW4693D 

TLCS-46A assembler 
on iMDS 

Diskette (1) (ISIS- 
II file) 

S: single side 
single density. 
D: single side 

double density. 

TLCS-46A assembly 
language manual. 
SW4693S, D 
instruction manual 

Operates under ISIS-II 

84 

TDS400/84 

Toshiba MDS400 for 
TLCS-84 

TDS400 + BM8401A + 
BM8403 + SW8423A 

Refer to each 
system component 

Products name of com¬ 
bined system periph¬ 
eral equipment is sup¬ 
plied by user. 
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Fam¬ 

ily 

Model No. 

Description 

Configuration of 
Products 

Accompanying 

Materials 

Remarks 

84 

BM8401A 

TDS400/84 controller 

Board module (1) , 
EPROM (1) (control 
program 2K bytes) 

TDS400/84 debug¬ 
ging operation 
manual. 

BM8401A instruc¬ 
tion manual 

EPROM is replaced with 
a part of SW4006A in 
main memory region 


BM8403 

TLCS-84 emulation 
board 

Board module (1), 
EPROM (1). Cable 
(1) to LSI socket 

BM8403 Instruc¬ 
tion manual 

Board with functions 
equivalent to TMP8048, 
8049-6. With interface 
to TDS400 


BM8404 

TLCS-84 debugging 
board 

Board module (1), 
Cable (1) to 

BM8403 

BM8404 debugging 
board operation 
manual. BM8404 

instruction manual 

Used for debugging by 
connecting with BM8403 


SW8423A 

TLCS-84 assembler 
on TDS400 

EPROM (5) (assembler 
program 10K bytes) 

TLCS-84 assembly 
language manual. 
SW8423A instruc¬ 
tion manual 

Loaded from EPROM 
writer (/reader) of 
TDS400 


SW8453 

TLCS-84 cross as- 
smebler on ACOS 

Card image magnet¬ 
ic tape (9 tracks) 
of source program 
(FORTRAN) 

TLCS-84 assembly 
language manual. 
SW8453 instruc¬ 
tion manual 

Used together with 

SW0051 

85 

SW8553 

TLCS-85 cross as¬ 
sembler on ACOS 

Card image magnet¬ 
ic tape (9 tracks) 
of source program 
(FORTRAN) 

TLCS-85 assembly 
language manual. 
SW8553 instruc¬ 
tion manual 

Used together with 

SW0051 
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SWO051 PAPER TAPE OUTPUT PROGRAM / ACOS 


GENERAL DESCRIPTION 

This program outputs the object program translated with a cross assembler to 
the paper tape with various formats. 

The program can be loaded on the general-purpose computer AC0S600 or 700. 


PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 

(Card (IBM29 code) image of a source 
program written in FORTRAN (JIS7000, 
partially GMAP)). 

o SW0051 Instruction manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Using this program, paper tapes can be made up to be used for various 
EPROM writers, production system of masked ROMs, and application 
development system. 

(2) The formats of the object paper tape are divided broadly into 1-bit BNPF 
format and 4-bit hexadecimal expressing format.% 

(3) For the hexadecimal format, 8 formats can be specified by selecting the 
output system such as start and end symbols of data, and addressing and 
checksum modes. 

(4) Output range and block length can be specified. 

OPERATING ENVIRONMENT (Host Machine) 

Processing unit: ACOS600/700 with more than 64K words (more than 17-bit 

words) 

Operating system: ACOS-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card reader, 
paper tape punch, etc. 

OPERATING PROCEDURE 

Compile the program first and load it in the host system. According to OS 
from the host machine, specify the file and output format to operate the 
program. 

TECHNICAL MATERIALS 

(1) SW4353, SW4653, SW8453, SW8553 Instruction Manuals 

(2) ACOS600/700 FORTRAN Language Description 

(3) ACOS600/700 Job Control Language (JCL) Description 

(4) ACOS600/700 IMCV Editing Program Manual 
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SW0061 PAPER TAPE OUTPUT PROGRAM / NOVA 

GENERAL DESCRIPTION 

This program outputs the object program translated with a cross assembler to 
the paper tape with various formats. 

The program can be loaded on the micromputer NOVA. 

PRODUCT CONFIGURATION 

o Magnetic tape (ASCII code) 1 

(Source program written in FORTRAN 
(JIS7000)) 

o SW0061 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Using this program, paper tapes can be made up to be used for various 
EPROM writers, production system of masked ROMs, and application 
development systems. 

(2) The formats of the object paper tape are divided broadly into 1-bit BNPF 
format and 4-bit hexadecimal expressing format. 

(3) For the hexadecimal format, 8 formats can be specified by selecting the 
output systems such as start and end symbols of data, and addressing and 
checksum modes. 

(4) Output range and block length can be specified. 

OPERATING ENVIRONMENT (Host Machine) 

Processing unit: NOVA with more than 64K words (more than 16-bit words) 

Operating system: RDOS 

Peripheral equipment: Magnetic disk, line printer, console typewriter, paper 
tape reader, paper tape punch, etc. 

OPERATING PROCEDURE 

Compile the program first and load it in the host system. According to OS 
from the host machine, specify the file and output format to operate the 
program. 

TECHNICAL MATERIALS 

(1) SW4363, SW4663 Instruction Manuals 

(2) NOVA FORTRAN IV Description Manual (Data General) 

(3) NOVA RDOS Description Manual, CLI Series (Ditto) 

(4) NOVA RDOS Description Manual, System Utility Series (Ditto) 
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BM4001 64KB INDIRECT MEMORY 


GENERAL DESCRIPTION 

A memory board of 64,536 bytes (64KB) to be mounted in TDS400 (BM4006A). 
Generally this board is used as an auxiliary memory. 


PRODUCT CONFIGURATION 
o Board module 1 

o BM4001 Instruction Manual 1 




FEATURES AND MAIN SPECIFICATIONS 

(1) This memory can be used as a high-speed file memory. 

(2) Assembling or the like is simple and fast if this memory is used as a 
file to store a source program or an object program. 

(3) OS can specify this memory as a main memory. 

(4) Thirty-two 16K dRAMs (TMM416P-3) are provided for BM4001. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx, power dissipation is 5V x 1A, -5V x 1mA, or 12V x 0.1A. 


OPERATING CONDITIONS 

The indirect memory is inserted in the slot "MEM2" within the TDS400 
(BM4006A), being operated by OS (control program) from SW4006A or the like. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 
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BM4002 GENERAL I/O INTERFACE 


GENERAL DESCRIPTION 

An interface board through which RS232C type I/O device, PTR, PTP, and 


printer are connected to the TDS400 
provided separately. 

PRODUCT CONFIGURATION 
o Board module 1 

o Connector board 1 

o Inter-board connection cable 2 

o BM4002 Instruction Manual 1 


The connectors for four I/O devices are 



I 

L- ~ 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Processing capability of the TDS400 can be sharply increased by the 
high-speed I/O device. 

(2) RS232C ports are available for console I/O devices. 

(3) 15 versions (50 - 9600 baud) can be selected for the baud rate of 
RS232C ports. 

(4) RS232C type I/O devices (e.g. ADD’s Model ADDS580) can be directly 
connected. 

(5) Paper tape reader PTR-400 (Ricoh Denshi Industry Co.) can be directly 
connected. 

(6) Paper tape punch TP-60 (Ricoh Denshi Industry Co.) can be directly 
connected. 

(7) Printer 1200Hy Type 1 (Diablo System Inc.) can be directly connected. 

(8) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(9) Approx, power dissipation is 5V x 0.7A, 12V^x 0.1A, or -12V x 0.1A. 
OPERATING CONDITIONS 

The interface board is inserted in the slot "GIO" within the TDS400 (BM4006A). 
Mount the connector board on the back panel of the TDS400 and connect each 
unit with the inter-board connection cable. Each I/O device must be 
connected to the connector board with the dedicated cable (user’s supplied 
connector for the TDS400 has 25 pins). The interface board is operated by OS 
(control program) of SW4006A or the like. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) CRT Terminal Model 580 Instruction Manual (Matsushita Electric Trading 
Co.) 

(4) RICOM PTR-400 READER Specifications (Ricoh Denshi Industry Co.) 

(5) RICOM TP-60 PERFORATOR Specification and Operating Manual 
(Ricoh Denshi Industry Co.) 

(6) Model 1200 Hytype 1 Printer Maintenance Manual (Diablo System Inc.) 
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BM4003 TV-KEYBOARD INTERFACE 


GENERAL DESCRIPTION 

An interface board through which the NTSC system TV screen and a full 
keyboard are connected to the TDS400. That is, a CRT input/output device can 
be configured at low cost. 


PRODUCT CONFIGURATION 

o Board module 1 
o Connector board with RF module 1 
o Inter-board connection cable 2 
o Full keyboard with a cable 1 
o BM4003 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) A low cost CRT input/output device usable for a console can be 
configured. 

(2) Using BM4003, NTSC system home TV set or a monitoring TV set can be 
directly connected to the TDS400. 

(3) Full keyboard (KB-2) with touch-key system is packed. (ACSII 
specification) 

(4) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(5) Keyboard dimensions are 176mm x 345mm x 55mm. 

(6) Approx, power dissipation is 5V x 0.7A, -5V x 30mA, or 12V x 50mA. 


OPERATING CONDITIONS 

The interface board is inserted in the slot "TV" within the TDS400 (BM4006A). 
The connector board is installed on the back panel of the TDS400 to connect 
each unit with the inter-board connection cables. Then user’s TV set (the 
cable is user-supplied) and full keyboard are connected. This makes the 
TDS400 operate as a console I/O device or TV (similar to CRT display) output 
device. 


TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) Toshiba Color TV 20G600 Instruction Manual 
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BM4004 FLOPPY DISK INTERFACE 


GENERAL DESCRIPTION 

An interface board through which two floppy disk drives (standard 8" single¬ 
sided single density) are connected to the TDS400. 


PRODUCT CONFIGURATION 

o Board module 1 
o Connector Board 1 
o Inter-board connection cable 1 
o BM4004 Instruction Manual 1 
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FEATURES AND MAIN SPECIFICATIONS 

(1) Mass storage (256K bytes/disk) random file can be made up by using 
BM4004 floppy disk interface. 

(2) BM4004 controls two sets of floppy disk drive ND-10 (standard 8" 
single-sided single density). 

(3) At least four sets of floppy disk drive can be controlled by using two 
boards of BM4004. However, the drivers, to the number of two, can be 
used for SW4006A. 

(4) Available is a couple of floppy disk drive AFD-002 (Asia Mfg. Co.) which 
can be directly connected to the TDS400. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx, power dissipation is 5V x 0.5A. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "FDCl" within the TDS400 
(BM4006A). The connector board is installed on the back panel of the TDS400 
to connect each unit with the inter-board connection cable. The drive units, 
such as AFD-002A, are connected to the TDS400. The drive units are operated 
by a command from the console I/O device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) AFD-002A Instruction Manual (Asia Mfg. Co.) 


BM4005 DIGITAL CASSETTE INTERFACE 


GENERAL DESCRIPTION 

An interface board through which two digital cassette handlers (10"/sec) are 
connected to the TDS400. 

PRODUCT CONFIGURATION 

o Board module 1 

o Connector board 1 

o Inter-board connection cable 2 

o BM4005 Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Mass storage sequential file can be made up by using BM4005 digital 
cassette interface. 

(2) Two sets of digital cassette handlers CP-100EB (Toshiba-Ampex 800BPI, 
10"/sec) can be controlled by using the BM4005. 

(3) Available is a couple of digital cassette handler ADC-001A (Asia Mfg. 
Co.) which can be directly connected to the TDS400. 

(4) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(5) Approx, power dissipation is 5V x 0.8A. 

OPERATING CONDITIONS 

The interface board is inserted in the slot "DCC" within the TDS400 
(BM4006A) . The connector board is installed on the back panel of TDS400 to 
connect each unit with the inter-board connection cable. Then the handler, 
such as model ADC-001A, is connected to the TDS400. The handler is operated 
by a command from the console I/O device. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) BM4006A Instruction Manual 

(3) ADC-001A Instruction Manual (Asia Mfg. Co.) 
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BM4006A TDS400 HARDWARE MAINFRAME 


GENERAL DESCRIPTION 


A basic hardware of microcomputer development system used for developing 
various microcomputer application system and application softwares. The 


system configuration is convenient fo: 
software production, edit assembling, 
evaluation, etc. 

PRODUCT CONFIGURATION 

o Set of TDS400 basic hardware 

(mainframe, power cord, connector) 
o BM4006A Instruction Manual 


FEATURES AND MAIN SPECIFICATIONS 


■ consecutively performing application 
application system debugging, and test 



(1) The control display panel of debugging console is provided in front of 
the mainframe. 

(2) Reader/writer for EPROM (equivalent to TMM323, 2714) is equipped with 
the TDS400. 

(3) Console I/O interface (serial transmission, 50 ^ 9,600 baud) is provided 
in the TDS400. 

(4) The main memory consists of 48K-byte RAM and 16K-byte EPROM (socket). 

A monitor program (e.g. SW4006, option) is mounted in the EPROM. 

(5) By installing optional interface boards, various peripheral equipment 
can be connected to the mainframe. 

(6) Real-time debugging of application system, such as TLCS-43/46A/84, is 
available by exchanging some interface boards of EPROMs (control 
programs) . 

(7) Frame dimensions are 470mm (W) x 580mm (L) x 295mm (H). 

(8) Approx, power dissipation is AC100V (50 or 60Hz), 350VA (Max.). 


OPERATING CONDITIONS 

By loading TDS400 monitor program (SW4006A) for system control, and by 
connecting the console I/O device such as teletypewriter (user-supplied), a 
minimum system can be configured. A system more usable can be built up by 
mounting various interface boards and by connecting peripheral equipment. 

TECHNICAL MATERIALS 

(1) TDS400 System A Operation Manual 

(2) SW4006A Instruction Manual 

(3) BM4001, BM4002, BM4003, BM4004 and BM4005 Instruction Manuals 

(4) BM4301A, BM4601A and BM8401 Instruction Manuals 

(5) Typuter MODEL-502 Type Specification (CASIO Computer) 
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SW4006A TDS400 SYSTEM A MONITOR PROGRAM 


GENERAL DESCRIPTION 

A resident program within the EPROM of the TDS400 main memory. This system 
program can be used for various processing operations according to the 
command from the console I/O device. 


PRODUCT CONFIGURATION 

o EPROM (TMM323) 8 

(16K-byte program) 

o TDS400 System A Operation Manual 1 
o SW4006A Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) This program facilitates creation, modification, and edit of source 
program for application systems. 

(2) Control programs for the peripheral equipment, such as floppy disk, are 
contained in the monitor program. 

(3) Assemblers and compilers are provided for various types of 
microcomputers (option). 

(4) Loading or modifying the object programs of application systems as well 
as reading or writing into EPROM can be performed. 

(5) This is a resident program within a main memory EPROM, so that it 
operates immediately after the power is turned on. 

OPERATING ENVIRONMENT 

Processor : BM4006A (48K-byte RAM) and optional board 

modules. 

Console I/O device : Teletypewriter, etc. 

Optional peripheral equipment: Floppy disk, CRT, printer, PTR, PTP, digital 

cassette, etc. 

OPERATING PROCEDURE 

Insert the eight EPROMs in EPROM sockets, according to their corresponding 
numbers, on the BM4008 board of "MEMl" slot within BM 4006A. Select the I/O 
device used as a system console, and input the command from this console to 
control the operating system. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 

(2) BM4001, BM4002, BM4003, BM4004 and BM4005 Instruction Manuals 
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BM4301A TDS400/43 CONTROLLER 


GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/43 debugger. It can 
debug the application systems (software and hardware) of the TLCS-43 by 
connecting BM4303 (TLCS-43 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 

o EPROM (TMM323) (Control program) 1 

o TDS400/43 debugger operation 

manual 1 

o BM4301A Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM4303. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 
function). 

(3) Direct read/write of the registers and RAMs contained in the CPU, and 
program memory (corresponding to ROM) within this board can be 
performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx, power dissipation is 5V x 1.3A, -5V x 30mA, or 12V x 50mA. 

OPERATING CONDITIONS 

This board is inserted in slot n 43C/46C" within the TDS400 (BM4006A). The 

control program is loaded in the BM4008 board of slot "MEMl" where EPROM No. 

7 is mounted after having removed EPROM. BM4303 and application system 

(board) are connected to this board, which is operated by controlling the 

TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 

(2) BM4303 Instruction Manual 

(3) TDS400 System A Operation Manual 
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BM4303 TLCS-43 EMULATION BOARD 


GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single¬ 
chip microcomputer LSI of TLCS-43 series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, BM4304). EPROM 
(for 2K bytes) can be installed as a program ROM. 


PRODUCT CONFIGURATION 

o Board module 
o EPROM (TMM323) 
o LSI socket connection cable 
o BM4303 Instruction Manual 



SMI 


FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TMP4310, 
TMP4315 or TMP4320. 

(2) 2 K-byte EPROM can be installed as a program ROM. 

(3) Interface circuit to be connected to the TDS400 (BM4301A) or BM4304, and 
free space (for mounting application system circuit or interface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(5) This emulation board has a function capable of executing the application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is 
also operated as an independent emulation board. 

(7) Module dimensions are 230mm x 230mm x approx. 30mm. 

(8) Power dissipation is less than 5V (±5%) x 0.5A. (Extra 12V and -5V 
power supplies are required when using 8K-bit EPROM.) 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 

board, and two cables from the board is inserted in the sockets of the 

microcomputer LSI of application system. The power supply (user-supplied) 

and host system (TDS400 or BM4304) are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TDS400/43 Debugger Operation Manual, BM4301A Instruction Manual 

(4) BM4304 Debugging Board Operation Manual, BM4304 Instruction Manual 
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BM4304 TLCS-43 DEBUGGING BOARD 


GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-43. The debugging system of the TLCS-43 is made up by 
connecting it to the BM4303 (TLCS-43 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 

o BM4303 connection cable 1 

o BM4304 debugging board operation 

Manual 1 

o BM4304 Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) BM4304 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TMP4300) of BM4303 
after having been transmitted to the EPROM program memory within this 
board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 

(5) Application program can be started with any address and stopped at any 
time. 

(6) Address stop and single step operation functions are provided. 

(7) Dummy interrupt signals can be generated from the console on the board. 

(8) Module dimensions are 300mm x 300mm x approx. 30mm. 

(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM4303 that have been connected to the 
application system. The application program is written in EPROM, and EPROM 
is installed on the BM4304 board. The power (user-supplied) is turned on and 
the instructions from the console on BM4304 board are given to operate the 
system. 



TECHNICAL MATERIALS 

(1) BM4303 Instruction Manual 


SW4323 TLCS-43 ASSEMBLER/TDS400 


GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-43. 
The TDS400 (Microcomputer Developing System 400) is used for operating this 
assembler. 


PRODUCT CONFIGURATION 

o EPROM (TMM323) 

(Assembler program) 
o TLCS-43 Assembler Language Manual 
o SW4323 Instruction Manual 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx 950 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 7 assembler directives and 35 instructions. 

(6) Source program can be input from any input device. 

(7) Assemble list can be output to any output device. 

(8) Object program is created as a ROM image in the TDS400. The TDS400 can 
output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor : TDS400 (48K-byte RAM) 

Operating system : System A monitor program (SW4006A) 

Peripheral equipment: Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

OPERATING PROCEDURE 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be lo 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected subprograms 

(4) TDS400 System A Operation Manual 
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SW4353 TLCS-43 CROSS ASSEMBLER/ACOS 


GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-43. General-purpose computer ACOS600 or 700 can be used to load the 
program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 

(Card (IBM29 code) image of source 
program written in FORTRAN 
(JIS7000, partially GMAP) 
o TLCS-43 Assembler Language Manual 1 

o SW4354 Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants - can be handled. 

(3) 16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 38 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program ACOS (SW0051), this program can be output to paper tapes 
in various formats. 

OPERATING ENVIRONMENT 

Processor : ACOS600 or 700 with more than 64K-words 

(more than 17-bit words) 

Operating system : ACOS-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card 

reader, paper tape reader, (and paper tape punch), 
etc. 

OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected subprograms 

(4) SW0051 Instruction Manual 

(5) ACOS600/700 FORTRAN Language Description 

(6) ACOS600/700 Job Control Language (JCL) Description 

(7) ACOS600/700 IMCV Edit Program Description 



SW4363 TLCS-43 CROSS ASSEMBLER/NOVA 


GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-43. Mini-computer NOVA can be used to load the program. 


PRODUCT CONFIGURATION 

o Paper tape (ASCII code) 1 

(Source program written in 
FORTRAN (JIS7000)) 

o TLCS-43 Assembler Language Manual 1 
o SW4363 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to 100 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 38 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the different paper 
tape output program/NOVA (SW0061), this program can be output to paper 
tapes in various formats. 

OPERATING ENVIRONMENT 

Processor : NOVA with more than 32K-words. (16-bit words) 

Operating system : RDOS 

Peripheral equipment: Magnetic disk, line printer, console typewriter, paper 
tape reader, (and paper tape punch), etc. 

OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, specify various files to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected Subprograms 

(4) SW0061 Instruction Manual 

(5) NOVA FORTRAN IV Description Manual (Japan Data General) 

(6) NOVA RDOS Description Manual, CLI Series (Ditto) 

(7) NOVA RDOS Description Manual, System Utility Series (Ditto) 
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SW4393S, SW4393D TLCS-43 ASSEMBLER/iMDS 


GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS-43. 
The intellec MDS is used for operating this assembler. 


PRODUCT CONFIGURATION 

o Diskette^° te ^ 1 

(Assembler program ISIS-II file) 
o TLCS-43 Assembler Language 1 

Manual 

o SW4393S, SW4393D Instruction 1 

Manual 

Note) SW4393S is of single-sided 
single density. 

SW4393D is of single-sided 
double density. 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 600 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled, 

(3) 16 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 7 assembler directives and 35 instructions. 

(6) The source program is input from ISIS-II diskette file. 

(7) Assemble list can be output to any output device. 

(8) The object program is created on the diskette in format I (Intel hexade¬ 
cimal format) or format M (masked ROM production format). This program 
can be punched out to the paper tape by COPY command from ISIS-II, and 
also can be directly written in the EPROM. 

OPERATING ENVIRONMENT 

Processor : iMDS with more than 32K bytes 

Operating system : ISIS-II 

Peripheral equipment: Console I/O device (e.g. teletypewriter), floppy disk, 
optional CRT, printer, PTR, PTP, PROM programmer, etc. 

OPERATING PROCEDURE 

Copy the program to the system diskette. Then specify the file and assembler 
parameter according to the OS from the host machine. 

TECHNICAL MATERIALS 

(1) TLCS-43 Integrated Circuit Technical Data 

(2) TLCS-43 System Manual 

(3) TLCS-43 Collected Subprograms 

(4) ISIS-II System User's Guide (Intel) 
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BM4601A TDS400/46 CONTROLLER 


GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/46 debugger. It can 
debug the application systems (software and hardware) of the TLCS-46A by con¬ 
necting BM4603B (TLCS-46 emulation board). 


PRODUCT CONFIGURATION 

o Board module 1 

o EPROM (TMM323) 1 

(Control program) 

o TDS400/46 Debugger 1 

Operation Manual 

o BM4601A Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM4603B. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 
function). 

(3) Direct read/write of the registers and RAM contained in the CPU, and 
program memory (corresponding to ROM) within this board can be performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx, power dissipation is 5V x 1.3A, -5V x 30mA, or 12V x 50mA. 

OPERATING CONDITIONS 

This board is inserted in slot "43C/46C M within the TDS400 (BM4006A). The 

control program is loaded in the BM4008 board of slot "MEMl" where EPROM No. 

7 is mounted after having removed EPROM. BM4603B and application system 

(board) are connected to this board, which is operated by controlling the 

TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 

(2) BM4603B Instruction Manual 

(3) TDS400 System A Operation Manual 
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BM4603B TLCS-46A EMULATION BOARD 


GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single¬ 
chip microcomputer LSI of TLCS-46A series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, BM4604). EPROM 
(for 4K bytes) can be installed as a program ROM. 

PRODUCT CONFIGURATION 

o Board module 1 

o EPROM (TMM323) 2 

o LSI socket connection cable 1 

o BM4603B Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TCP4620A, 
TCP4630A or TCP4620B. 

(2) 4K-byte EPROM can be installed as a program ROM. 

(3) Interface circuit to be connected to the TDS400 (BM4601A) or BM4604, and 
free space (for mounting application system circuit or interface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(5) This emulation board has a function capable of executing the application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is also 
operated as an independent emulation board. 

(7) Module dimensions are 230mm x 230mm x approx. 30mm. 

(8) Power dissipation is less than 5V (±5%) x 0.5A. (Extra 12V and -5V 
power supplies are required when using 8K-bit EPROM.) 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 

board, and two cables from the board is inserted in the sockets of the 

microcomputer LSI of application system. The power supply (user-supplied) 

and host system (TDS400 or BM4604 are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TDS400/46 Debugger Operation Manual, BM4601A Instruction Manual 

(4) BM4604 Debugging Board Operation Manual, BM4604 Instruction Manual 
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BM4604 TLCS-46A DEBUGGING BOARD 


GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-46A. The debugging system of the TLCS-46A is made up by 
connecting it to the BM4603B (TLCS-46A emulation board). 


PRODUCT CONFIGURATION 

o Board Module 1 

o BM4603B Connection cable 1 

o BM4604 Debugging board 1 

operation manual 

o BM4604 Instruction manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) BM4604 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TCP4600A) of BM4603B 
after having been transmitted to the EPROM program memory within this 
board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 

(5) Application program can be started with any address and stopped at any 
time. 

(6) Address stop and single step operation functions are provided. 

(7) Pseudo interrupt signal can be generated from the console on the board. 

(8) Module dimensions are 300mm x 300mm x approx. 30mm. 

(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM4603B that have been connected to the 
application system. The application program is written in EPROM, and EPROM 
is installed on the BM4604 board. The power (user-supplied) is turned on and 
the instructions from the console on BM4604 board are given to operate the 
system. 

TECHNICAL MATERIALS 

(l) BM4604B Instruction Manual 
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SW4623 TLCS-46A ASSEMBLER/TDS400 


GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS- 
46A. TDS400 (Microcomputer Developing System 400) is used for operating 
this assembler. 

PRODUCT CONFIGURATION 

o EPROM (TMM323) „ 3 

(Assembler program) 
o TLCS-46A Assembly 1 

language manual 

o SW4623 Instruction manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 950 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 13 reserved symbols are provided for I/O port name or the like. 

(4) + and - are available for operators. 

(5) Provided are 6 assembler directives and 53 instructions. 

(6) Source program can be input from any input device. 

(7) Assemble list can be output to any output device. 

(8) Object program is created as a ROM image in the TDS400. The TDS400 can 

output this program in various formats. Direct write in the EPROM is 

also available. 

OPERATING ENVIRONMENT 

Processor : TDS400 (48K-byte RAM) 

Operating system : System A monitor program (SW4006A) 

Peripheral equipment: Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

OPERATING PROCEDURE 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) TDS400 System A Operation Manual 






SW4653 TLCS-46A CROSS ASSEMBLER/ACOS 


GENERAL DESCRIPTION 


This cross assembler is used when developing the application program of the 
TLCS-46A. General-purpose computer ACOS600 or 700 can be used to load the 


program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 

(Card (IBM29 code) image of 
source program written in 
FORTRAN (JIS700, partially GMAP) 
o TLCS-46A Assembly Language 1 

Manual 

o SW4653 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 


(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 16 reserved symbols are provided for I/O port name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 53 instructions. 


(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program ACOS (SW0051), this program can be output to paper tapes 
in various formats. 


OPERATING ENVIRONMENT 

Processor : ACOS600 or 700 with more than 64K-words 

(more than 17-bit words) 

Operating system : AC0S-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card 

reader, paper tape reader, (and paper tape punch), etc. 

OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) SW0051 Instruction Manual 

(5) ACOS600/700 FORTRAN Language Description 

(6) ACOS600/700 Job Control Language (JCL) Description 

(7) ACOS600/700 IMCV Edit Program Description 
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SW4663 TLCS-46A CROSS ASSEMBLER/NOVA 


GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 
TLCS-46A. Mini-computer NOVA can be used to lead the program. 


PRODUCT CONFIGURATION 

o Paper tape (ASCII code) 1 

(Source program written in 
FORTRAN (JIS7000)) 
o TLCS-46A Assembly Language 1 

Manual 

o SW4363 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) Up to 100 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 13 reserved symbols are provided for I/O port name or the like-. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 53 instructions.. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the different paper 
tape output program/NOVA (SW0061), this program can be output to paper 
tapes in various formats. 

OPERATING ENVIRONMENT 

Processor : NOVA with more than 32K-words. (16-bit words). 

Operating system : RDOS 

Peripheral equipment: Magnetic disk, line printer, console typewriter, 
paper tape reader, (and paper tape punch), etc. 

OPERATING PROCEDURE 

First compile this cross assembler to load in the host system. According to 
the OS of the host machine, specify various files to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) SW0061 Instruction Manual 

(5) NOVA FORTRAN IV Description Manual (Data General) 

(6) NOVA RDOS Description Manual, CLI Series (Ditto) 

(7) NOVA RDOS Description Manual, System Utility Series (Ditto) 




SW4693S, 4693D TLCS-46A ASSEMBLER/iMDS 


GENERAL DESCRIPTION 

A cross assembler used for developing the application program of the TLCS- 
46A. The intellec MDS is used for operating this assembler. 

PRODUCT CONFIGURATION 

. Note) 

o Diskette 

(Assembler program 
ISIS-II file) 
o TLCS-46A Assembley 
Language Manual 

o SW46935, SW4693D Instruction 
Manual 

Note) SW4693A is of single-sided 
single density. 

SW4693D is of single-sided 
double density. 


FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 600 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 13 reserved symbols are provided for I/O port name or the like. 

(4) + and - are available for operators. 

(5) Provided are 6 assembler directives and 53 instructions. 

(6) The source program is input from ISIS-II diskette file. 

(7) Assemble list can be output to any output device. 

(8) The object program is created on the diskette in format I (Intel 
hexadecimal format) or format M (masked ROM production format). This 
program can be punched out to the paper tape by COPY command from 
ISIS-II, and also can be directly written in the EPROM. 

OPERATING ENVIRONMENT 

Processor : iMDS with more than 32K bytes 

Operating system : ISIS-II 

Peripheral equipment: Console I/O device (e.g. teletypewriter), floppy disk, 
optional CRT, printer, PTR, PTP, PROM programmer, etc. 

OPERATING PROCEDURE 

Copy the program to the system diskette. Then specify the file and assembler 
parameter according to the OS from the host machine. 

TECHNICAL MATERIALS 

(1) TLCS-46A Integrated Circuit Technical Data 

(2) TLCS-46A System Manual 

(3) TLCS-46A Collected Subprograms 

(4) ISIS-II System User's Guide (Intel) 
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BM8401A TDS400/84 CONTROLLER 


GENERAL DESCRIPTION 

A special module for making the TDS400 to the TDS400/84 debugger. It can 
debug the application systems (software and hardware) of the TLCS-84 by 
connecting BM8403 (TLCS-84 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 

o EPROM (TMM323) 1 

(Control program) 

o TDS400/84 Debugger operation 1 

manual 

o BM8401A Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Application program can be executed with real-time operation by loading 
it in the dedicated program memory (RAM) within this board or in the 
EPROM on BM8403. 

(2) Programs can be transmitted to and from EPROM or the back-up memory (a 
part of TDS400 main memory). Information stored in the back-up memory 
can be output to the paper tape, etc. in various formats (TDS400 func¬ 
tion) . 

(3) Direct read/write of the registers and RAM contained in the CPU, and 
program memory (corresponding to ROM) within this board can be 
performed. 

(4) Various functions, such as execution and halt of programs, address 
stopping, single-step operation, and dummy interrupt signal input, are 
provided. 

(5) Module dimensions are 180mm x 230mm x approx. 15mm with edge connector 
of 144 pins. 

(6) Approx, power dissipation is 5V x 1A. 

OPERATING CONDITIONS 

This board is inserted in slot M 43C/46C" within the TDS400 (BM4006A). The 

control program is loaded in the BM4008 board of slot "MEM1" where EPROM No. 

7 is mounted after having removed EPROM. BM8403 and application system 

(board) are connected to this board, which is operated by controlling the 

TDS400 debugging console. 

TECHNICAL MATERIALS 

(1) BM4006A Instruction Manual 

(2) BM8403 Instruction Manual 

(3) TDS400 System A Operation Manual 
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BM8403 TLCS-84 EMULATION BOARD 


GENERAL DESCRIPTION 

This is an emulation board that can be performed as equivalent to the single¬ 
chip microcomputer LSI of TLCS-84 series. Interface circuit is provided in 
this board for being connected to the host system (TDS400, EM8404). EPROM 
(for 4K bytes) can be installed as a program ROM. 


PRODUCT CONFIGURATION 

o Board module 
o EPROM (TMM323) 
o LSI socket connection cable 
o BM8403 Instruction Manual 



FEATURES AND MAIN SPECIFICATIONS 

(1) This is an emulation board that can be replaced directly with TM8048 or 
TMP8049. The emulator chip is TMP8039-6. 

(2) 4K-byte EPROM can be installed as a program ROM. 

(3) Interface circuit to be connected to the TDS400 (BM8401A) or BM8404, and 
free space (for mounting application system circuit or interface) are 
provided in the board. 

(4) As a program memory, this emulation board can select EPROM within the 
board or memory in the host system to execute the application program 
stored on these units. 

(5) This emulation board has a function capable of executing the application 
program while monitoring or modifying the internal status on of the 
microcomputer under the control by the host system. 

(6) When the emulation board is disconnected from the host system, it is 
also operated as an independent emulation board. 

(7) Module dimensions are 180mm x 230mm x approx. 30mm. 

(8) Power dissipation is less than 5V (±5%) x 0.5A. 

OPERATING CONDITIONS 

EPROM, in which the application program has been written, is mounted on this 

board, and two cables from the board is inserted in the sockets of the micro¬ 
computer LSI of application system. The power supply (user-supplied) and 

host system (TDS400 or BM8404) are connected to the board for operation. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated Circuit Technical Data 

(2) TDS400/84 Debugger Operation Manual, BM8401A Instruction Manual 

(3) BM8404 Debugging Board Operation Manual, BM8404 Instruction Manual 
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BM8404 TLCS-84 DEBUGGING BOARD 


GENERAL DESCRIPTION 

This board is a control board for debugging of the application system (or 
program) of the TLCS-84. The debugging system of the TLCS-84 is made up by 
connecting it to the BM8403 (TLCS-84 emulation board). 

PRODUCT CONFIGURATION 

o Board module 1 

o BM8403 Connection cable 1 

o BM8404 Debugging board 1 

Operation Manual 

o BM8404 Instruction Manual 1 



FEATURES AND MAIN SPECIFICATIONS 

(1) BM8404 board is provided with a console unit consisting of a display for 
addresses, data and system condition, and 32 keys. 

(2) Application program is executed by emulator chip (TMP8035, TMP8039-6) of 
BM8403 after having been transmitted to the EPROM program memory within 
this board via the EPROM socket. 

(3) Direct read/write of register or RAM within the microcomputer LSI is 
available. 

(4) Application program can be modified with machine code level. 

(5) Application program can be started with any address and stopped at any 
time. 

(6) Address stop and single step operation functions are provided. 

(7) Dummy interrupt signals can be generated from the console on the board. 

(8) Module dimensions are 300mm x 300mm x approx. 30mm. 

(9) Power dissipation is less than 5V (±5%) x 2.5A. 

OPERATING CONDITIONS 

This board is connected with BM8403 that have been connected to the applica¬ 
tion system. The application program is written in EPROM, and EPROM is 
installed on the BM8404 board. The power (user-supplied) is turned on and 
the instructions from the console on BM8404 board are given to operate the 
system. 

TECHNICAL MATERIALS 

(1) BM8403 Instruction Manual 


SW8423A TLCS-84 ASSEMBLER/TDS400 


GENERAL DESCRIPTION 


A cross assembler used for developing the application program of the TLCS-84. 
The TDS400 (Microcomputer Developing System 400) is under for operating this 
assembler. 


PRODUCT CONFIGURATION 

o EPROM (TMM323) 5 

(Assembler program) 
o TLCS-84 Assembly Language 1 

Manual 

o SW8423A Instruction Manual 1 





FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 950 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Decimal and hexadecimal constants can be handled. 

(3) 34 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 6 assembler directives and 108 instructions. 

(6) Source program can be input from any input device. 

(7) Assemble list can be output to any output device, 

(8) Object program is created as a ROM image in the TDS400. The TDS400 can 
output this program in various formats. Direct write in the EPROM is 
also available. 

OPERATING ENVIRONMENT 

Processor : TDS400 (48K-byte RAM) 

Operating system : System A monitor program (SW4006A) 

Peripheral equipment: Console I/O device (e.g. teletypewriter), optional 
floppy disk, CRT, printer, PTR, PTP, etc. 

OPERATING PROCEDURE 

This assembler is operated by a command sent to the TDS400 from the console 
I/O device (or other devices). This assembler program itself should be 
loaded in the EPROM writer socket on the front panel of the TDS400. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated Circuit Technical Data 

(2) TDS400 System A Operation Manual 
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SW8453 TLCS-84 CROSS ASSEMBLER/ACOS 


GENERAL DESCRIPTION 


This cross assembler is used when developing the application program of the 
TLCS-84. General-purpose computer ACOS600 or 700 can be used to load the 
program. 


PRODUCT CONFIGURATION 

o Magnetic tape (9 tracks) 1 

(Card (IBM29 code) 
image of source program written 
in FORTRAN (JIS7000, 
partially GMAP) 

o TLCS-84 Assembly Language 1 

Manual 

o SW8453 Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 34 reserved symbols are provided for register name or the like. 

(4) + and - are available for operators. 

(5) Provided are 11 assembler directives and 108 instructions. 



(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program ACOS (SW0051), this program can be output to paper tapes 
in various formats. 


OPERATING ENVIRONMENT 

Processor : ACOS600 or 700 with more than 64K-words 

(more than 17-bit words) 

Operating system : ACOS-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card 

reader, paper tape reader, (and paper tape punch), etc. 

OPERATING PROCEDURE 

First, compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-84 Integrated Circuit Technical Data 

(2) SW0051 Instruction Manual 

(3) ACOS600/700 FORTRAN Language Description 

(4) ACOS600/700 Job Control Language (JCL) Description 

(5) ACOS600/700 IMCV Edit Program Description 



SW8553 TLCS-85 CROSS ASSEMBLER/ACOS 


GENERAL DESCRIPTION 

This cross assembler is used when developing the application program of the 

TLCS-85. General-purpose computer ACOS600 or 700 can be used to load the 

program. 

PRODUCT CONFIGURATION 

o Magnetic tape (9 trucks) 1 

(Card (IBM29 code) image of 
source program written in 
FORTRAN (JIS 7000, 
partially GMAP)) 

o TLCS-85 Assembly Language 1 

Manual 

o SW8553 Instruction Manual 1 


FEATURES AND MAIN SPECIFICATIONS 

(1) Up to approx. 500 symbols (name) each of which consists of less than 6 
characters can be defined. 

(2) Binary, octal, decimal, and hexadecimal constants can be handled. 

(3) 10 reserved symbols are provided for register name or the like. 

(4) 11 arithmetic and logical operators are available. 

(5) Provided are 13 assembler directives and 113 instructions. 

(6) Punched card or paper tape can be used for the input medium of the 
source program. 

(7) Assemble list can be output to a line printer. 

(8) Object program is created in the host system. Using the paper tape 
output program ACOS (SW0051), this program can be output to paper tapes 
in various formats. 

OPERATING ENVIRONMENT 

Processor : ACOS600 or 700 with more than 64K-words 

(more than 17-bit words) 

Operating system : ACOS-6 

Peripheral equipment: Magnetic disk, magnetic tape, line printer, card 

reader, paper tape reader, (and paper tape punch), etc. 

OPERATING PROCEDURE 

First, compile this cross assembler to load in the host system. According to 
the OS of the host machine, define various files, and specify the input and 
output conditions to perform assembling. 

TECHNICAL MATERIALS 

(1) TLCS-85 Integrated Circuit Technical Data 

(2) SW0051 Instruction Manual 

(3) ACOS600/700 FORTRAN Language Description 

(4) ACOS600/700 Job Control Language (JCL) Description 

(5) ACOS600/700 IMCV Edit Program Description 
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OVERSEAS OFFICES 

FRANCE: SINGAPORE: 


U.S.A.: 

TOSHIBA AMERICA. INC. 

Chicago Office 

2900 MacArthur Boulevard. Northbrook. Ill 
60062. U.S.A. 

Cable TOSHIBA CHICAGO. Telex 35 4407. 
Tel (312)564 1200 
Irvine Office 

2151 Michelson Drive. Suite 190. Irvine. Calif. 
92715. U.S.A. 

Telex 910-595 1127 TSBIRIN. 

Tel (714)955 1155 

WEST GERMANY: 

TOSHIBA DEUTSCHLAND G.m.b.H. 

Head Office 

Hammer Landstrasse 115. 4040 Neuss 1. 

F. R. Germany 

Telex 8517926. Tel (02101)1981 
Muenchen Office 

Dom Pedrostrasse 17. 8000 Muenchen 19 
Telex 05213363. Tel (089)18 50 22 

UNITED KINGDOM: 

TOSHIBA (UK) LTD. 

Toshiba House. Frimlev Road. Frimley. 
Camberley. Surrey Gu 16 5JJ. England 
Telex 858798. Tel Camberley (0276)62222 


TOSHIBA CORPORATION-Paris Office 

Tour Neptune 23rd Floor. Cedex No 20. 

92086 Paris La Defense . France 
Telex 613351 F. Tel 773 7272 

SWEDEN: 

TOSHIBA CORPORATION-Stockholm Office 

Banergatan 23. S-115 22 Stockholm. Sweden 
Telex 14169 TSB STIC S. Tel 08 616265 

HONG KONG: 

TOSHIBA ELECTRONICS HONG KONG LTD. 

Suite 423 5. Ocean Centre. Canton Road. 
Kowloon. Hong Kong 

Cable TSBELHK. Telex 38501 TSBEH HX. 
Tel 3-671141 

TAIWAN. 

TSU RONG CORPORATION 

Rm N 813. Chia Hsin 2 Bldg . 96 Sec 2. 

Chung Shan N. Rd . Taipei. Taiwan 
Telex 26874 TRCTP, Tel 531 3934 


TOSHIBA SINGAPORE PTE.. LTD. 

2405/6 Orchard Towers. 400 Orchard Road. 
Singapore 0923 

Telex RS 23892. Tel 7373911 

KOREA: 

KOREA ELECTRONICS CO.. LTD. 

189 2 Guro Dong. Guro-Gu. Seoul. Korea 
Cable KOREA TOSHIBA COM. 

Telex KECOS K27424. Tel 853 3161 

AUSTRALIA: 

TOSHIBA CORPORATION-Sydney Office 

14th F loor. Gold F lekJs. House No 1. 

Alfred Street. Sydney Cove. Box R219. Sydney 

N.S W 2000. Australia 

Cable TOSHIBA SYDNEY. Telex 22268. 

Tel 27 4301-5 

BRASIL: 

TOSHIBA BRASILEIRA REPRESENTACOBS 
LTDA. 

Rua Peixoto Gomide. No 996 1. Andar. 

Coni 130/140. Jardim Paulista. S4o Paulo. Brasil 
Cable TOSHIBA SPO. Telex 011 22298. 

Tel 283 4511.4714 4964 


The information in this guide has been carefully checked and is believed to be reliable, however, 
no responsibility can be assumed for inaccuracies that may not have been caught. All informatipn in 
this guide is subiect to change without prior notice Furthermore. Toshiba cannot assume 
responsibility for the use of any license under the patent rights o* Toshiba or any third parties. 
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